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In the scenario where only superpartners were produced at the Large Hadron Collider, how
one could determine whether the supersymmetric model pointed out is four-dimensional or higher-
dimensional ? We propose and develop a series of tests for discriminating between a pure super-
symmetry (SUSY) and a SUSY realized within the well-motivated warped geometry a` la Randall-
Sundrum (RS). Two of these tests make use of some different patterns arising in the squark/slepton
mass spectrum. The other distinctive RS SUSY feature is the possibly larger (even dominant) Higgs
boson decay branching ratios into sleptons, compared to pure SUSY. Techniques for pinning up the
presence of soft SUSY breaking terms on the TeV-brane are also suggested, based on the analysis of
stop pair production at the International Linear Collider. For all these phenomenological studies, we
had first to derive the four-dimensional (4D) effective couplings and mass matrices of the sfermions
and Higgs bosons in RS SUSY. The localization of Higgs bosons, characteristic of RS, leads to sin-
gularities in their couplings which are regularized by the exchange contribution of infinite towers of
Kaluza-Klein (KK) scalar modes with Dirichlet-Dirichlet boundary conditions. A general method
is provided for this regularization, based on the completeness relation. The sfermion masses are
obtained either from integrating out those specific KK towers or by treating their mixing effects.
Finally, we show at the one-loop level how all quadratic divergences in the Higgs mass cancel out
for any cut-off, due to 5D SUSY and to 5D anomaly cancellation; the analytical way followed here
also allows a justification of the infinite KK summation required for the so-called KK regularization
in 5D SUSY, which has motivated a rich literature.
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2I. INTRODUCTION
Among the possible theories underlying the Standard Model (SM) of particle physics, the su-
persymmetric scenarios and the higher-dimensional models have several deep motivations. In par-
ticular, supersymmetry stabilizes the ElectroWeak Symmetry Breaking (EWSB) scale with respect
to radiative corrections and when it is promoted to a local symmetry it provides a framework for
the appearance of the graviton Lagrangian. On the other side, a warp extra-dimensional model
has been proposed by Randall and Sundrum (RS) [1] [91] to explain the huge hierarchy between
the EWSB energy scale and the gravity scale while some RS extensions [2] give rise to purely
geometrical interpretations of the fermion structure in flavor space. Both supersymmetric and
higher-dimensional scenarios can provide viable dark matter candidates (LSP, LKP) and allow for
gauge unification.
Since the physics beyond the SM is still unknown, one should consider the possibility of an effective
low-energy hybrid theory with both SUperSYmmetry (SUSY) and extra dimension(s). More specif-
ically, SUSY and extra dimensions could be crucial ingredients in a quantum description of gravity,
as both indeed are in string theory. Moreover, D-branes of superstring theory provide a natural
mechanism for the confinement of the SM fields in brane-models and constitute thus another mo-
tivation for introducing SUSY in higher-dimensional scenarios. SUSY and extra dimensions could
also be simultaneously involved in the origin of the electroweak symmetry breaking [7, 8]. The
higher-dimensional framework even provides new and attractive ways of breaking supersymmetry,
due to a more structured geometry of space-time; SUSY may be broken either in the bulk (i.e.
whole space) or on a brane, playing the role of the necessary hidden sector, and then the breaking
mediated to the brane where are living the SM particles [9]. A different approach towards the
SUSY breaking [92] is to use specific Boundary Conditions (BC) for different fields (in the same
supermultiplet) propagating along compactified extra dimensions [11]. A famous example is the
Scherk-Schwarz mechanism [12] which can be applied to the minimal supersymmetric SM (see e.g.
[13]) as well as to the Horava-Witten theory (see e.g. [14]) [93]. Finally, the supersymmetrization
of extra-dimensional theories allows to have a realistic tension model [16], to provide a new source
for a tiny cosmological constant [17], to alternatively achieve gauge unification [18] and to address
the so-called µ-problem in SUSY (see discussion below).
Hence, there exist several serious motivations for hybrid scenarios with both SUSY and (warped)
extra dimensions. It was shown in [19] that an Anti-de Sitter (AdS) space is compatible with
SUSY. Later [20], the supermultiplet mass-spectrum was derived in AdS5, and then the analysis
extended to the case of a fifth dimension compactified on an orbifold [2]. The RS SUSY scenario
was initially studied with only gravity in the bulk [21] and finally with matter propagating in the
bulk [2]. There exist also analyses of GUT theories within RS SUSY frameworks [22] and attempts
of superstring realizations of the RS model [23].
In this paper, we will study these supersymmetrized RS scenarios with matter/gauge fields in the
bulk. Our first contributions are theoretical; we will write explicitly the complete 5D Lagrangian
for a Higgs scalar field confined on the TeV-brane – as required to explain the discrepancy between
EWSB and gravity scales and as motivated by the SU(2)R breaking from bulk Yukawa interactions
(forbidden trilinear chiral superfield couplings in N = 2 4D SUSY [24]) – and, when deriving the
4D effective action, we will take into account for the first time the mixing among the several Higgs
3bosons occuring in the minimal SUSY extensions.
In particular, the 4D effective Higgs couplings to two scalar fields (squarks/sleptons and their
Kaluza-Klein excitations), originating from the so-called D-terms, are not trivial to derive due to
the localized aspect of the Higgs boson and due to contributions to these effective couplings from
the tree level exchange of Kaluza-Klein (KK) scalar modes of (−−) chiral superfields [94] (i.e.
additional superfields with Dirichlet-Dirichlet boundary conditions which are characteristic of 5D
theories). We derive these 4D couplings which do not appear in literature and explain why this
specific KK (−−) tower must be taken into account without any cut-off (a non-natural task within
a non-renormalizable 5D theory).
The derivation of Yukawa couplings between Higgs bosons and two scalars in the 4D effective
Lagrangian is also subtle: singularities [Dirac peak functions taken at the origin, δ(0)’s, due to the
Higgs local aspect] appear in these couplings – after integrating out the auxiliary fields – but those
are not the sign of an incomplete theory. Indeed, those singularities are cancelled out by the infinite
sum of KK (−−) scalar contributions. A related kind of cancellation was pointed out for some loop
calculations in the string theory framework [26] using either the expression of δ(0) in terms of a sum
over the fifth component of the momentum [9] (see Ref. [27] for the warped background case) or
a Gaussian brane distribution [28]; in contrast, here we demonstrate the cancellation generally for
the tree level couplings, using a simple method based on the completeness relation, by computing
the Higgs couplings (including the Higgs-sfermion couplings and quartic Higgs interactions) in the
flavor-motivated case of a warped extra dimension where only Higgs bosons are brane-localized [2].
In addition, in the present work we will derive the 4D effective scalar mass matrices induced, after
EWSB, by the localized Higgs Vacuum Expectation Values (VEV). In contrast with the above 4D
couplings, these 4D masses computed at tree level do not depend on the energy scale and must be
derived consistently either through the integration out of heavy KK (−−) scalar modes or through
the scalar mixing with KK (−−) states, as we will show here. We will finally combine at first order
these KK (−−) scalar effects on the 4D zero-mode scalar masses with the scalar mixing effects of
KK (++) states (having Neumann-Neumann boundary conditions). Such a combination should
have been done in Ref. [33] [where effects of KK scalar modes with even Z2 parity (i.e. (++) BC)
are studied in a 5D SUSY context with brane-localized Yukawa interactions, but the above effects
of KK scalars with an odd parity ((−−) BC) are considered neither in squark/slepton masses nor
in Higgs couplings].
We will then use the new 4D effective Lagrangian, that we will have derived in the RS SUSY
framework, for several phenomenological applications.
The first application is an explicit and complete diagramatic computation of quantum corrections
to the Higgs boson mass (δmHiggs) at the one-loop level, including all kinds of KK contributions
and each sector (Yukawa plus gauge couplings); we will show how the quadratically divergent
parts can cancel each other due to 5D SUSY. This complete cancellation has not been shown
before in warped SUSY models and it constitutes here an additional check of the obtained 4D
effective Higgs couplings. More generically, we will clarify the connections between the cancellations
of these 5D quadratic divergences and of the 5D triangular anomalies. Our way of finding the
quadratic divergence cancellation brings some new light on the old debate about the validity of
this cancellation in δmHiggs within higher-dimensional SUSY models. In particular, the preliminary
and complete calculation of 4D effective Higgs couplings allows a more clear overview of the subtle
4points and in turn allows to address the ‘KK regularization’ question and cut-off problems.
Our general results on the absence of quadratic divergences in δmHiggs for 5D SUSY models [with
a soft breaking] is important in the following sense: it seems to mean that hybrid scenarios – both
higher-dimensional and supersymmetric – must not necessarily rely on a geometrical background
reducing the gravity scale down to the TeV scale in order to protect the Higgs mass against its
quantum corrections (i.e. to not reintroduce the gauge hierarchy problem). One can thus imagine
a 5D SUSY scenario where the Higgs mass is only protected by SUSY (which allows to avoid the
remaining little hierarchy problem of pure 5D models solving the gauge hierarchy) or a 5D SUSY
scenario where in addition to SUSY protection the discrepancy between the fundamental gravity
and EWSB energy scales is explained by some geometrical feature like the warp factor: those two
possible classes of higher-dimensional SUSY theories avoid to have two redundant solutions to the
same Higgs mass instability problem [= fine-tuning problem].
The second application concerns the direct search at present and future high-energy colliders
for the (necessary) physics standing beyond the SM; indeed, in the expected case where some
signal for new physics would be discovered at the Large Hadron Collider (LHC) and then analyzed
more precisely at the International Linear Collider (ILC), the primary phenomenological work
would be to identify exactly the nature of the new physics detected. Based on the fact that
today the two main types of new physics accessible at colliders are thought to be SUSY and the
more recent paradigm of (warped) extra dimensions, three interesting possibilities might arise.
The more optimistic is that both superpartners (squarks, gauginos. . . ) and KK excitations would
be produced on-shell and observed, proving then the existence of an higher-dimensional SUSY
scenario. Another possibility is that only real KK excitations would be produced, however such
a situation would represent a good indication for the existence of a higher-dimensional non-SUSY
theory as (in)direct constraints and gauge hierarchy considerations favor the mass regions around
102 GeV for superpartners and higher mass regions above O(1) TeV for first KK states (of the
warped models). The last possibility – among the cases of signals for new physics as it is predicted
today – is that only superpartners would be produced on-shell (and maybe some additional Higgs
bosons characteristic of SUSY). Then an important and non-trivial question (see e.g. the related
Ref. [29]) would be: do the observed superpartners [either scalar or spinorial] belong to a pure
SUSY theory or a (warped) higher-dimensional SUSY model ?
In the present paper, we will propose and develop some tests allowing to answer this question which
reads in a more compact form as: how one can distinguish between pure SUSY and warped SUSY
at colliders ? A simple test would be to look at the precise measurement of cross sections of stop
quark pair production at ILC: the mixing of the stop quarks with KK excitations could lead to
modifications of the production amplitude – predicted in pure SUSY. However we will show that
such RS corrections are too small to be observable. Nevertheless, we will show how the ILC could
allow to discriminate between different types of SUSY breaking in the RS context.
Another example of proposed test relies on the measurement (at ILC or even at LHC) of the smuon
masses: there are higher-dimensional minimal [95] SUperGRAvity (mSUGRA) scenarios where the
mass splitting mµ˜2 −mµ˜1 (µ˜1,2 are the two smuon eigenstates [96]) can be larger than in the 4D
mSUGRA scenarios [30], allowing then a discrimination between those two types of scenarios. The
reason is that in mSUGRA the off-diagonal elements of the 2 × 2 smuon mass matrix – partially
responsible for the mixing and splitting – are proportional to the muon Yukawa coupling constant
5which is suppressed compared to the top quark one, while in some RS frameworks [2], the muon 5D
Yukawa coupling is not suppressed relatively to the top one (the lightness of the muon originates
from its wave function overlap with the Higgs boson). We will also show that RS SUSY models can
lead to differences in the stop mass correlations (mt˜2 versus mt˜1) with respect to the pure SUSY
case – differences which are here not restricted to the mSUGRA model.
Finally, there exist well-motivated warped geometrical setups of SUSY breaking where the Higgs
boson couplings to sleptons can be significantly increased with respect to the conventional 4D
SUSY frameworks. Hence, in such warped scenarios, the decay channels of the heaviest neutral
Higgs scalar (characteristic of SUSY and usually noted H) [97] into sleptons can have comparable
or even larger branching ratios than the channels into (s)quarks and gauginos, leading to final
states at LHC radically different from the 4D SUSY case. The produced H bosons could initiate
slepton cascade decays more often than in 4D SUSY and in turn give rise to an increase number
of events with leptonic final states. We will illustrate this study by giving numerically all the H
boson branching ratios as a function of the mass, for characteristic parameter sets, and the cases
of pseudo-scalar and charged Higgs fields will be briefly discussed.
At this level, one should mention related works. In fact, within the hybrid higher-dimensional
SUSY context, while the literature on various SUSY breaking mechanisms is rich, there exist few
papers on phenomenological aspects. Among those, we mention Ref. [33] where radiative correc-
tions to scalar masses (excluding quadratically divergent parts) and to gauge/Yukawa couplings
are calculated in order to (i) estimate the 5D MSSM upper limit on the lightest Higgs mass and
(ii) constrain experimentally the universal scalar (m0) and gaugino (m1/2) masses. See Ref. [34]
for another type of constraint on the Higgs mass in higher-dimensional SUSY models. In Ref. [35],
based on 4D superfield actions, the evolution of neutrino masses/mixings and confrontation with
oscillation data were studied within a flat 5D MSSM. See also Ref. [36] for considerations on the
proton decay suppression in SUSY grand unified theories with extra compact dimensions (and
localized Yukawa couplings or not) as well as Ref. [37] for phenomenology in SUSY gauge-Higgs
unification scenarios, Ref. [38] for SUSY composite Higgs models and finally Ref. [39] for SUSY
warped Higgsless models.
The organization of the paper is as follows. In Section II, After a description of the general
higher-dimensional SUSY framework considered, we derive the 4D effective couplings and mass
matrices of sfermions and Higgs bosons, focusing on illustrative examples. In the first part of
Section III (Subsection III A), the quadratic divergent contributions to the quantum corrections
of the Higgs mass are calculated and the methods of calculation discussed. Up to this point,
the results obtained are valid for any RS SUSY model – and can be easily generalized to any
higher-dimensional SUSY scenario – with brane-Higgs bosons. In the three following subsections
on collider phenomenology, a certain SUSY breaking setup must be chosen for the computations;
in Subsection III B, various distinctive effects of RS SUSY models are pointed out and quantified.
Effects in the Higgs sector are studied in Subsection III C. Finally, in Subsection III D, we propose
some tests, based on stop pair production at ILC, for distinguishing different RS SUSY realizations.
We conclude in Section IV.
6II. THEORY
A. The model
Field content: In Appendix A, we give the full 5D field Lagrangian for a toy model with a
U(1) gauge symmetry applying on two chiral superfields ΦL,Φ
c
L (together with the associated
(−−) superfields) and two 4D Higgs superfields H0u, H0d localized on the TeV-brane within a warp
background. With this appendix as a starting point, we will give throughout the paper the 4D
version of this Lagrangian related to the Higgs boson or more precisely the parts which are not
trivial/direct to derive from the 4D point of view. For these studied parts, we will extend the
4D Lagrangian to the phenomenological Minimal Supersymmetric Standard Model (pMSSM) [40]
field content and gauge symmetry.
Energy scales: The RS framework is constituted by a 5D theory where the extra dimen-
sion is warped and compactified over a S1/Z2 orbifold. The non-factorizable metric is of type AdS
and the space-time, which is thus a slice of AdS5, has two 4D boundaries: the Ultra-Violet (UV)
boundary at the Planck scale and the Infra-Red (IR) brane with an exponentially suppressed scale
in the vicinity of the TeV scale. The Higgs boson has to be localized at this so-called TeV-brane
if the EW scale is to be stabilized by such a geometrical structure. We consider the attractive RS
version with all other fields propagating in the bulk [2]: this allows to suppress higher dimensional
operators, potentially troublesome with respect to Flavor-Changing Neutral Current effects, by
energy scales larger than the TeV scale. This feature has also the advantage to possibly generate
the fermion mass hierarchy and flavor structure by a simple geometrical mechanism [2, 41, 42].
More precisely, the gravity scale on the Planck-brane is MPlanck = 2.44 × 1018 GeV, whereas the
effective scale on the TeV-brane M? = e
−σ(piRc)MPlanck (with σ(y) = k|y|) is suppressed by the
warp factor which depends on the curvature radius 1/k of AdS5 and the compactification radius
Rc. For a product kRc ' 11, M? =O(1) TeV allowing to address the gauge hierarchy problem.
We will take kRc ' 10.11 so that the maximum value of MKK ' 2.45ke−pikRc [MKK is the first
KK photon mass], fixed by the theoretical consistency bound k < 0.105MPlanck, is ∼ 10 TeV in
agreement with the typical indirect limits from EW precision tests (see below). The beauty of
the RS model is to possess a unique fundamental energy scale k ∼ R−1c ∼ MPlanck. Besides, the
parameters noted cψ fix the 5D masses mψ = c
ψ∂yσ, affected to each fermion ψ, and thus control
the field localizations in the bulk (and in turn the effective 4D masses). Those satisfy |cψ|=O(1)
to avoid the introduction of new fundamental scales. The 5D masses for the scalar fields will be
discussed throughout the paper.
µ-problem: A usual problem of the supersymmetric theories is to explain why the µ pa-
rameter is of order of the EWSB scale (around the TeV), as imposed by the orders of magnitudes
of the masses involved in the minimization conditions for the Higgs potential. In RS SUSY, there
is a simple way for generating a µ-term at the EWSB scale as we discuss now [98]. If the Higgs
superfields are confined on the TeV-brane (as motivated by the gauge hierarchy problem), the
7gauge invariant µ-term in the 5D superpotential W reads in terms of the 4D Higgs superfields as,
[µHu.Hd]δ(y − piRc) ∈W , with Hu =
 H+u
H0u
 , Hd =
 H0d
H−d
 and Hu.Hd = abHauHbd , (1)
Hu,d being SU(2)L doublets, a, b SU(2)L indices and ab the antisymmetric tensor defined by 12 = 1.
In analogy with Eq.(A.12) for the U(1) model [equivalent to restrict the SU(2)L model to the neutral
Higgs couplings] which leads to the expression of the µ terms written with the fields in Eq.(A.28),
the term (1) gives rise to the 4D mass terms for the neutral Higgs scalar fields in the potential
(after field redefinition and inclusion of the warp metric factor),
|µeff |2|φH0u |2+ |µeff |2|φH0d |
2 ∈ V4D, with |µeff |2 =
∫ piRc
−piRc
dy |µ|2 e−2σ(y) δ(y−piRc) = |µe−σ(piRc)|2,
so that the effective µ parameter reads as µeff = µe
−kpiRc ∼ ke−kpiRc ∼ TeV. Note the absence of
δ(0) factors in V4D (or equivalently of [δ(y − piRc)]2 terms in the 5D Lagrangian) after integration
over y. In the paper, we will consider this setup with brane Higgs fields.
Custodial symmetry: In pure SUSY with tanβ = 1 [99], if the custodial symmetry
O(3) ≈ SU(2)V – resulting after EWSB from the global symmetry O(4) ≈ SU(2)L × SU(2)R
– was exactly respected it would protect the well known relation on gauge boson masses
ρ = m2W /(m
2
Z cos
2 θW ) = 1 against quantum corrections, as in the SM. Indeed, the two Higgs
SU(2)L doublets of the pMSSM can form a (2,2) representation under the SU(2)L × SU(2)R
symmetry [45]:
H ≡ (Hd Hu) =
 H0d H+u
H−d H
0
u
 . (2)
However, the custodial symmetry is broken in the gauge and Yukawa coupling sectors. Moreover,
the deviations from tanβ = 1 and the presence of soft SUSY breaking terms for squarks/sleptons
represent new sources of custodial symmetry (spontaneous) breaking if those differ for the up-type
and down-type (w.r.t. SU(2)L) scalars. Nevertheless, the loop level SUSY corrections to the pre-
cision EW observables (contributing to δρ) can pass the constraints from precision measurements,
even easily in the case of equal soft terms for up and down scalars [31, 32].
Concerning the tree level corrections to precision EW observables in warped models, the global
fits of experimental data are satisfactory for large KK masses (reducing the KK mixing effects):
MKK & 10 TeV [46].
In the present paper where we study hybrid scenarios with both superpatners and KK excitations,
we will take identical soft parameters for up/down scalars and KK masses just above ∼ 10 TeV.
We will not explore the whole parameter space and work out the precise global EW fits, but this
realistic choice guarantees that the theoretical respective, and in turn total, corrections to SM
observables have acceptable orders of magnitude given the experimental accuracy on these observ-
ables. There are (a priori) higher-order corrections involving both superpatners and KK modes,
that we do not treat here.
Now one may wish to decrease the possible MKK values in order to improve the situation with
respect to considerations on the ‘little hierarchy’ problem related to the Higgs mass. In order to
8reduce the acceptable minimal MKK value from ∼ 10 TeV down to ∼ 3 TeV, an attractive [48]
possibility is to gauge the SU(2)L × SU(2)R ×U(1)X symmetry in the bulk [47]. The SM gauge
group is recovered after the breaking of the SU(2)R group into another U(1)R, by boundary con-
ditions.
The question arising here is whether it is possible to gauge the SU(2)L × SU(2)R symmetry within
a SUSY context. First about the µ-term: can it be written in the case of a bulk gauge custodial
symmetry ? The question arises as SU(2)L × SU(2)R must remain unbroken on the Higgs brane
in order to protect precision EW observables. A simple possibility is to write down the following
SU(2)R invariant term of the superpotential giving rise to the usual µ-term,
−1
2
µH.H δ(y − piRc) = −1
2
µ(Hd.Hu −Hu.Hd) δ(y − piRc) = µHu.Hd δ(y − piRc) ,
accordingly to Eq.(1). Higgs couplings to matter invariant under SU(2)L × SU(2)R can also be
written with the H bidoublet giving rise in particular to the usual Yukawa couplings in the
superpotential, as usually in warped models by promoting matter (superfield) multiplets to
SU(2)R representations (see e.g. [47, 48]). Finally, the gauge interaction sector of a SUSY theory
as well as the soft breaking terms can also respect an additional SU(2)R gauge symmetry.
Hence, in this paper we will also consider the case of a bulk gauge SU(2)L × SU(2)R symmetry
with MKK ∼ 3 TeV and equal soft terms for up/down scalars, another setup which leads to
realistic EW fits to data.
SUSY breaking: We adopt the classification of the three types of SUSY breaking frame-
work where (i) the squark/slepton SUSY breaking masses are induced at loop level by SUSY
breaking gaugino masses as in [2] (ii) there exist tree level squark/slepton masses [in the
bulk and/or brane-localized] resulting directly from a 5D SUSY breaking mechanism (iii) the
squark/slepton masses are of KK type like in the scenario a` la Scherk-Schwarz with SUSY
breaking BC [12]. This classification is motivated in particular by the fact that the framework
with scalar SUSY breaking masses in the bulk leads to modifications of the wave functions and
thus of the 4D effective couplings. Moreover this framework gives rise to an hard breaking of
SUSY (reintroducing quadratic divergences in the Higgs mass corrections) which is acceptable in
the present warped background where the Higgs mass is still protected by the reduced gravity
scale. Finally, this framework with bulk scalar SUSY breaking masses has the attractive feature
to generate scalar superpartner masses mainly through the Yukawa couplings like for SM fermions
– as will be described in details.
We will consider the second class of SUSY breaking framework mentioned above, including the
mSUGRA case where the SUSY breaking terms are universal and the soft trilinear scalar couplings
(the A couplings) are proportional to the Yukawa couplings. The first class is typically restricted
to the kind of model described in [2] (with SUSY breaking on the TeV-brane) while the third
class has a SUSY breaking mechanism deeply related to BC. We will show that the second type of
SUSY breaking allows to develop tests for distinguishing between pure SUSY and warped SUSY
at colliders.
9B. 4D scalar couplings
In this section, we derive the 4D effective couplings of the brane-Higgs boson to two scalar
superpartners (of type squark/slepton) in the RS SUSY framework, as well as the 4D Higgs self
couplings.
Scalar Yukawa couplings to two Higgs bosons
In this first subsection, we calculate the 4D Yukawa-type coupling of a scalar field (e.g. φR) to
an Higgs boson (of φH0u type, as an illustrative example) within our simple U(1) model defined in
Appendix A A.1 corresponding the superfield action given in Appendix A A.2.
The obtained scalar Yukawa couplings are included in the following term of Eq.(A.26) in terms
of the 5D fields,
L5D = −
√
G
∣∣∣∣Yδ(y − piRc)φH0uφR − [∂y − (cL + 32)(∂yσ)]φcL
∣∣∣∣2 . (3)
Developing over the KK decomposition (B.11) and integrating over the fifth dimension, the first
squared term gives rise to the 4D scalar Yukawa coupling (after field redefinition),
δ4iL4D
δφH0u φ¯H0uφ
(n)
R φ¯
(m)
R
= −i|Y|2
∫ piRc
−piRc
dyδ2(y − piRc)f¯++m (cR; y)f++n (cR; y)
= −i|Y|2δ(0)f¯++m (cR;piRc)f++n (cR;piRc), (4)
whose corresponding diagram is drawn in Fig.(1).
φ
(p)
R
φH0u
φ
(m)
R
φH0u
|Y|2
φ
(p)
R
φH0u
φ
(m)
R
φH0u
φ
c(n)
L
Y
Y
FIG. 1: Feynman diagrams of the contributions to the 4D effective scalar Yukawa coupling δ
4L4D
δφH0u
φ¯H0u
φ
(p)
R φ¯
(m)
R
.
The second indirect contribution is induced by the exchange of the KK tower of (−−) scalar superpartners
φ
c(n)
L . The relevant coupling constants are described in details in text.
It turns out that the crossed products in Eq.(3) also bring a contribution to the 4D effective
scalar Yukawa coupling, as we explain now; the crossed terms read as
√
Gδ(y − piRc)
[
YφH0uφR[∂y − (cL +
3
2
)(∂yσ)]φ¯
c
L + Y¯φ¯H0u φ¯R[∂y − (cL +
3
2
)(∂yσ)]φ
c
L
]
∈ L5D. (5)
Combining the KK decomposition (B.12) of the 5D field φcL together with the relation (B.16),
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which originates from the equation of motion, leads to
[∂y − (cL + 3
2
)(∂yσ)]φ
c
L(x
µ, y) =
∞∑
n=1
φ
c(n)
L (x
µ)[∂y − (cL + 3
2
)(∂yσ)]f
−−
n (cL; y)
= −eσ
∞∑
n=1
m
(n)
L φ
c(n)
L (x
µ)f++n (cL; y), (6)
m
(n)
L being the nth KK scalar mass. Using this relation in Eq.(5) and developing φR over its KK
tower gives the 4D couplings (taking into account field redefinitions):
−
[
YφH0u
∞∑
m=0,n=1
m
(n)
L f
++
m (cR;piRc)f¯
++
n (cL;piRc)φ
(m)
R φ¯
c(n)
L +
Y¯φ¯H0u
∞∑
m=0,n=1
m
(n)
L f¯
++
m (cR;piRc)f
++
n (cL;piRc)φ¯
(m)
R φ
c(n)
L
]
∈ L4D. (7)
These two types of 4D coupling to KK modes give rise to new contributions to scalar Yukawa
couplings through the exchange of the KK tower states φ
c(n)
L , as exhibits the second Feynman
diagram of Fig.(1) [100]. The resulting new contributions to 4D scalar Yukawa couplings are given
in the following, taking real wave functions,
δ4iL4D
δφH0u φ¯H0uφ
(p)
R φ¯
(m)
R
∣∣∣∣
indirect
= −|Y|2
∑
n≥1
i m
(n)2
L
k2 −m(n)2L
f++p (cR;piRc)f
++
m (cR;piRc)
(
f++n (cL;piRc)
)2
(8)
kµ being the φ
c(n)
L four-momentum. These couplings can be rewritten as follows, according to the
completeness relation of Eq.(B.2) together with the 5D propagator definition [Gf5(k
2; y, y′)] from
Appendix C,
δ4iL4D
δφH0u φ¯H0uφ
(p)
R φ¯
(m)
R
∣∣∣∣
indirect
= −i|Y|2
∑
n≥0
{
k2
k2 −m(n)2L
− 1
}
f++p (cR;piRc)f
++
m (cR;piRc)
(
f++n (cL;piRc)
)2
= −i|Y|2f++p (cR;piRc)f++m (cR;piRc)k2Gf
++(cL)
5 (k
2;piRc, piRc) + i|Y|2δ(0)f++p (cR;piRc)f++m (cR;piRc)
= i|Y|2f++p (cR;piRc)f++m (cR;piRc)[δ(0)− k2Gf
++(cL)
5 (k
2;piRc, piRc)]. (9)
Summing the two contributions, from Eq.(4) and Eq.(9), the divergent δ(0) terms cancel each
other, and we obtain the 4D effective scalar Yukawa couplings:
δ4iL4D
δφH0u φ¯H0uφ
(p)
R φ¯
(m)
R
∣∣∣∣
total
= −i|Y|2f++p (cR;piRc)f++m (cR;piRc)k2Gf
++(cL)
5 (k
2;piRc, piRc). (10)
Hence, starting from couplings in a 5D SUSY theory, we have derived consistent 4D effective
couplings. More precisely, at this level the Lagrangian of Eq.(10) given for any energy k2 still
describes a real 5D SUSY theory (the KK sum in G
f++(cL)
5 (k
2;piRc, piRc) is infinite) but its form
is given from a 4D point of view (4D fields are used).
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An interesting check of Eq.(10) is the following one. In the low–energy limit, k2  m(n)2L (n ≥ 1),
only the zero-mode in the 5D propagator survives at zeroth order, so that the superpartner coupling
above simplifies to [101]:
δ4iL4D
δφH0u φ¯H0uφ
(0)
R φ¯
(0)
R
∣∣∣∣
total
→ −i|Y|2 (f++0 (cR;piRc)f++0 (cL;piRc))2 = −i |Y4D|2 (11)
i.e. exactly the squared Y4D Yukawa coupling of associated fermion zero-modes (with a brane-
Higgs) [48], as one expects in a pure 4D SUSY theory (where all KK states decouple).
D-term couplings to two Higgs bosons
Now, we derive the 4D couplings, issued from D-terms, of scalar fields (continuing on the φR
example) to the two φH0u bosons in the U(1) model of Appendices A A.1 and A A.2.
The obtained D-term couplings of φR, in terms of 5D fields, are included in Eq.(A.26):
L5D = −
√
G
2
∣∣∣[∂y − 2(∂yσ)]Σ− g(qR∆φR + qH0uφH0u φ¯H0uδ(y − piRc))∣∣∣2 . (12)
The 4D effective D-term couplings are deduced from the above 5D Lagrangian (taking real
gauge coupling constants):
δ4iL4D
δφH0u φ¯H0uφ
(n)
R φ¯
(m)
R
= −iqH0uqR|g|2
∫ piRc
−piRc
dyδ(y − piRc)f¯++m (cR; y)f++n (cR; y)
= −iqH0uqR|g|2f¯++m (cR;piRc)f++n (cR;piRc). (13)
As for the Yukawa couplings, there are additional contributions to the 4D effective D-term
couplings. Indeed, other couplings arising from Eq.(12) are
√
Gg(qRφ¯RφR + qH0u φ¯H0uφH0uδ(y − piRc))[∂y − 2(∂yσ)]Σ + h.c. ∈ L5D. (14)
The KK decomposition of the 5D field Σ in Eq.(B.4) together with the relation (B.7) allow to write
[∂y − 2(∂yσ)]Σ(xµ, y) =
∞∑
n=1
Σ(n)(xµ)[∂y − 2(∂yσ)]g−−n (y) = −e2σ
∞∑
n=1
M (n)Σ(n)(xµ)g++n (y) (15)
M (n) being the nth KK gauge boson mass. Inserting this relation in Eq.(14) and developing φR
over its KK tower gives the 4D couplings for the redefined fields:
− qRg
∞∑
m,p=0;n=1
M (n)φ¯
(m)
R φ
(p)
R Σ
(n)FmnpR
−qH0ugφ¯H0uφH0u
∞∑
n=1
M (n)Σ(n)g++n (piRc) + h.c. ∈ L4D (16)
with FmnpR =
∫ piRc
−piRc dyf¯
++
m (cR; y)g
++
n (y)f
++
p (cR; y). These 4D couplings induce new contributions
to the D-term couplings via the exchange of the KK modes Σ(n), as shown in Fig.(2). These
contributions read as,
δ4iL4D
δφH0u φ¯H0uφ
(p)
R φ¯
(m)
R
∣∣∣∣
indirect
= −qRqH0u |g|2
∑
n≥1
i
k2 −M (n)2M
(n)2FmnpR g++n (piRc) (17)
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kµ being the Σ(n) four-momentum. Let us rewrite these couplings with the help of the completeness
relation (B.2) and 5D propagator,
δ4iL4D
δφH0u φ¯H0uφ
(p)
R φ¯
(m)
R
∣∣∣∣
indirect
= −iqRqH0u |g|2
∑
n≥0
{
k2
k2 −M (n)2 − 1
}
FmnpR g++n (piRc)
= −iqRqH0u |g|2
∫ piRc
−piRc
dyf¯++m (cR; y)f
++
p (cR; y)k
2Gg
++
5 (k
2; y, piRc)
+iqRqH0u |g|2f++m (cR;piRc)f++p (cR;piRc). (18)
φH0u
φ
(p)
Rφ
(m)
R
φH0u
qH0uqR|g|2
φH0u
φ
(p)
Rφ
(m)
R
φH0u
Σ(n)
qRg
qH0ug
FIG. 2: Feynman diagrams of the contributions to the 4D effective scalar gauge coupling δ
4L4D
δφH0u
φ¯H0u
φ
(p)
R φ¯
(m)
R
.
The second indirect contribution is induced by the exchange of the KK tower of (−−) scalar modes Σ(n).
The relevant coupling constants are described in details in text.
Then, the complete 4D couplings are of course obtained by summing the two contributions (13)
and (18),
δ4iL4D
δφH0u φ¯H0uφ
(p)
R φ¯
(m)
R
∣∣∣∣
total
= −iqRqH0u |g|2
∫ piRc
−piRc
dyf¯++m (cR; y)f
++
p (cR; y)k
2Gg
++
5 (k
2; y, piRc) (19)
having taken into account the canceling terms. Once more, starting from couplings in a 5D SUSY
theory, we have derived consistent 4D effective couplings; the Lagrangian (19) corresponds to a
real 5D SUSY theory but written from the 4D point of view.
We finish this part by making the same check as in previous subsection. In the low–energy
limit, k2  M (n)2 (n ≥ 1), only the zero-mode in the 5D propagator survives at zeroth order, so
that the superpartner couplings (19) simplify to
δ4iL4D
δφH0u φ¯H0uφ
(0)
R φ¯
(0)
R
∣∣∣∣
total
→ −i qRqH0u
|g|2
2piRc
= −i qRqH0u |g4D|2 (20)
since the gauge boson zero-mode profile encoded in g++0 (y) = 1/
√
2piRc is flat along the fifth
dimension. Thus the couplings in this limiting case correspond rigorously to the dimensionless
−iqRqH0u |g4D|2 gauge coupling product of associated fermions, as expected in a pure 4D SUSY
theory.
Comments on the obtained 4D couplings to Higgs bosons
It is interesting to note that in order to obtain the 4D effective couplings to two Higgs bosons
[Yukawa couplings and D-terms] which are consistent (i.e. without the δ(0) divergences and re-
covering the 4D SUSY couplings in the limit k2  m(n)2,M (n)2), we had to use the completeness
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relation which relies on an infinite sum over the KK levels. The reason is that these couplings
belong to the 4D effective Lagrangian of a fundamental 5D SUSY theory – the infinite KK tower
reflects this 5D aspect.
Besides, no truncating cut-off must be applied when implementing the completeness relation
(for the sum not involving KK masses in Eq.(9) and Eq.(18)), otherwise the consistent 4D effective
couplings cannot be obtained while there is no reason why a non-renormalizable theory – as we are
considering here – could not possess a 4D description. The reason for not applying a cut-off (due
to the non-renormalizable aspect of the 5D SUSY theory) is that in Eq.(4)-(9) and Eq.(13)-(18)
one is integrating the fifth dimension and summing all the exchanged heavy KK states to get an
effective 4D vision of the 5D theory. Only once the 4D effective couplings are obtained so that the
4D description is completed, the cut-off must be put, e.g. in Eq.(10) [on G
f++(cL)
5 (k
2;piRc, piRc)],
to take into account the non-renormalizable aspect of the 5D SUSY theory.
Final single couplings to the Higgs boson H
In this part, we deduce from the last three subsections the total 4D effective scalar couplings
to the single Higgs boson H in the more realistic framework where the gauge symmetry group is
as in the SM (EWSB has occurred) and the superfield content is extended to the pMSSM one. In
particular, this framework is based on the coexistence of two complex Higgs SU(2)L doublets Hu,
Hd of superfields with opposite hypercharges (YHu = −YHd = +1) which guarantees the absence of
chiral anomalies originating from triangular fermionic loops. The five scalar degrees of freedom, not
absorbed in the longitudinal polarizations of the massive gauge bosons, constitute the five physical
Higgs bosons: two CP-even neutral Higgs fields h (the lightest one) and H, one pseudo-scalar A
boson and one pair of charged scalar particles H±. We will give explicitly the H couplings in the
RS SUSY framework, and similar couplings hold for the other Higgs fields. All Higgs bosons are
assumed to be stuck on the TeV-brane.
We will focus on the top quark (t) superpartner couplings to H as an illustrative example, since the
couplings of other scalar superpartners are analog. The nth KK level modes of the stop fields are
denoted t˜
(n)
L and t˜
(n)
R respectively for the superpartners of the Left-handed (tL) and Right-handed
(tR) top quarks. t˜
(n)
L and t˜
(n)
R are similar to the 4D (++) scalar fields φ
(n)
L and φ
(n)
R defined in
Eq.(A.3), Eq.(A.6) and Eq.(B.11) for the U(1) model, except of course with respect to the gauge
quantum numbers. In the interaction basis {t˜(0)L , t˜(0)R , t˜(1)L , t˜(1)R } (generalization to higher KK states
is straightforward), the stop-stop couplings to a single H boson appearing after EWSB are encoded
in the matrix [in our notations H denotes the scalar field]:
i CHt˜t˜ ≡ |Y|2 sinα vu ×

(f0L)
2 k2G
f++(ct˜R
)
5 (k
2;piRc, piRc) 0 f
0
Lf
1
L(f
0
R)
2 0
0 (f0R)
2 k2G
f++(ct˜L
)
5 (k
2;piRc, piRc) 0 f
0
Rf
1
R(f
0
L)
2
f0Lf
1
L(f
0
R)
2 0 (f1Lf
0
R)
2 0
0 f0Rf
1
R(f
0
L)
2 0 (f0Lf
1
R)
2

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− Y cosα µeff√
2

0 f0Lf
0
R 0 f
0
Lf
1
R
f0Lf
0
R 0 f
1
Lf
0
R 0
0 f1Lf
0
R 0 f
1
Lf
1
R
f0Lf
1
R 0 f
1
Lf
1
R 0
 + g
2
Z piRc cos(α+ β) v ×

QtLZ
∫
dyf0L(y)
2 k2Gg
++
5 (k
2; y, piRc) 0 0 0
0 −QtRZ
∫
dyf0R(y)
2 k2Gg
++
5 (k
2; y, piRc) 0 0
0 0 QtLZ /2piRc 0
0 0 0 −QtRZ /2piRc

+
Ae−kpiRc sinα√
2

0 f0Lf
0
R 0 f
0
Lf
1
R
f0Lf
0
R 0 f
1
Lf
0
R 0
0 f1Lf
0
R 0 f
1
Lf
1
R
f0Lf
1
R 0 f
1
Lf
1
R 0
 ,
(21)
where we have used the compact notation e.g. fnL/R = f
++
n (ct˜L/R ;piRc). Besides, based on the
5D superpotential of Eq.(A.12) and on the deduced field Lagrangian in Eq.(A.28), the 4D effective
µ parameter appearing above reads as (after field redefinition and inclusion of the metric warp
factor):
µeff = µe
−kpiRc ∼ ke−kpiRc ∼ TeV. (22)
No δ(0) factors appear after integration over y. The soft trilinear scalar coupling constant in
Eq.(21) is taken at A ∼ 1 to avoid the introduction of a new scale in the bulk. This 4D effective
coupling matrix is deduced from Eq.(10) for the Yukawa couplings and from Eq.(19) for the D-
term couplings (where the effects of the (−−) KK towers of φcL/R and Σ type fields, as defined in
Eq.(A.5)-(A.7) and Eq.(A.9), have been taken into account). This coupling matrix, that will be
taken at the energy k2 = m2H (for the Z coupling constant gZ = g4D/ cos θW and top charges to
the Z gauge boson: Q
tL/R
Z = I
tL/R
3L −Q
tL/R
e.m. sin
2 θW ), can be easily generalized e.g. to sbottoms.
Let us comment more precisely on the 5D effects. The Higgs mixing between φH0d
and φH0u
into the mass eigenstates h and H is parametrized by the mixing angle noted here, as usually, α
[31]. sinα, which enters the above coupling matrix, receives some corrections in the present 5D
framework, as the |φH0u |2|φH0d |
2 and |φH0u,d |
4 couplings do so (see next subsection).
Moreover, the stop-stop-Higgs couplings are affected by the mixing between the stops and their KK
(++) excitations. The Ht˜it˜j couplings, where t˜i [i = 1, . . . , 4] are the stop mass eigenstates, are
obtained after transformation from the basis {t˜(0)L , t˜(0)R , t˜(1)L , t˜(1)R } to the stop mass basis (rotation
matrices being obtained from diagonalizing the stop mass matrix given later).
The third effect is the exchange of KK (−−) modes, encoded in the 5D propagators G5 appearing
in the matrix (21). Such KK (−−) contributions to couplings between H and KK stops would
represent higher-order corrections to the H ¯˜t
(0)
L/Rt˜
(0)
L/R couplings and are thus not written in matrix
(21).
All these heavy KK mixing and KK exchange effects will not be computed numerically as they are
sub-leading compared to other direct 5D effects in the structure of zero-mode H
¯˜
f
(0)
L/Rf˜
(0)
L/R couplings
(f˜ ≡ sfermion), that will be studied in details in Section III C.
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Self couplings of the Higgs boson
Finally, we derive the non-trivial 4D quartic couplings e.g. of the Higgs boson φH0u , still within
the context of the toy model defined in Appendix A. A totally similar study could be made for
the φH0u φ¯H0uφH0d
φ¯H0d
couplings (without combinatorial factor neither the additional Σ(n) exchange
in the t-channel discussed below).
As above we start from the 5D couplings included in Eq.(A.26):
L5D = −
√
G
2
∣∣∣[∂y − 2(∂yσ)]Σ− g(qH0uφH0u φ¯H0uδ(y − piRc))∣∣∣2 . (23)
The 4D quartic couplings directly deduced from this Lagrangian are:
δ4iL4D
δφ2
H0u
φ¯2
H0u
= − i
2
q2H0u |g|
2δ(0)× 4. (24)
We have included the combinatorial factor 4 as we consider a process rather than a coupling here
since Eq.(24) will be combined with other contributions.
Indeed, here again, there exist additional contributions to the 4D couplings as Eq.(23) also
induces the φH0u couplings of Eq.(14) and in turn of Eq.(16). These later 4D couplings induce the
two following new contributions to the quartic terms, via two possible exchanges of the KK Σ(n)
[see Fig.(3)],
δ4iL4D
δφ2
H0u
φ¯2
H0u
∣∣∣∣
indirect
= − q2H0u |g|
2
∑
n≥1
i
k2 −M (n)2M
(n)2
(
g++n (piRc)
)2
− q2H0u |g|
2
∑
m≥1
i
q2 −M (m)2M
(m)2
(
g++m (piRc)
)2
(25)
kµ being the Σ(n) four-momentum in the s-channel while qµ represents the Σ(n) momentum in the
t-channel. Rewriting these couplings with the completeness relation in mind gives,
δ4iL4D
δφ2
H0u
φ¯2
H0u
∣∣∣∣
indirect
= −iq2H0u |g|
2
∑
n≥0
{
k2
k2 −M (n)2 − 1
}(
g++n (piRc)
)2
− iq2H0u |g|
2
∑
m≥0
{
q2
q2 −M (m)2 − 1
}(
g++m (piRc)
)2
= iq2H0u |g|
2[2δ(0)− k2Gg++5 (k2;piRc, piRc)− q2Gg
++
5 (q
2;piRc, piRc)]. (26)
Adding the contributions (24) and (26) gives the complete 4D quartic terms:
δ4iL4D
δφ2
H0u
φ¯2
H0u
∣∣∣∣
total
= −iq2H0u |g|
2k2Gg
++
5 (k
2;piRc, piRc)− iq2H0u |g|
2q2Gg
++
5 (q
2;piRc, piRc). (27)
Note the cancellation of δ(0) terms which leads to consistent 4D effective couplings.
In the check of the low–energy limit, k2, q2 M (n)2 [n 6= 0], the Higgs coupling (27) is reduced
to the following form (the combinatorial factor 4 is taken off to get the pure quartic Lagrangian
coupling),
δ4iL4D
δφ2
H0u
φ¯2
H0u
∣∣∣∣
total
→ − i
2
q2H0u
|g|2
2piRc
= − i
2
q2H0u |g4D|
2 (28)
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φH0u
φH0uφH0u
φH0u
q2H0u
|g|2
φH0u
φH0uφH0u
φH0u
Σ(n)
qH0ug
qH0ug
φH0u
φH0uφH0u
φH0u
Σ(n)
qH0ug qH0ug
FIG. 3: Feynman diagrams of the contributions to the 4D effective self scalar gauge coupling δ
4L4D
δφ2
H0u
φ¯2
H0u
.
The second and third indirect contributions are induced by the exchanges of the KK tower of (−−) scalar
modes Σ(n) in the s-channel and t-channel, respectively (the choice of calling ‘s-channel’ or ‘t-channel’ a
given diagram depends on which final state is considered). The relevant coupling constants are described in
details in text.
recalling that g++0 (y) = 1/
√
2piRc. The quartic Higgs coupling in this limit corresponds thus well
to the exact squared gauge coupling expected in a pure 4D SUSY theory.
For completeness (and it will prove to be useful for the following), we give the result for the
φH0u φ¯H0uφH0d
φ¯H0d
coupling, obtained through the same method,
δ4iL4D
δφH0u φ¯H0uφH0d
φ¯H0d
∣∣∣∣
total
= −iqH0uqH0d |g|
2k2Gg
++
5 (k
2;piRc, piRc). (29)
This coupling is obtained from the two contributions drawn in Fig.(4).
φH0u
φH0dφH0d
φH0u
qH0uqH0d |g|2
φH0u
φH0dφH0d
φH0u
Σ(n)
qH0dg
qH0ug
FIG. 4: Feynman diagrams of the contributions to the 4D effective scalar gauge coupling δ
4iL4D
δφH0u
φ¯H0u
φ
H0
d
φ¯
H0
d
.
The second indirect contribution is induced by the exchange of the KK tower of (−−) scalar modes Σ(n).
C. Scalar mass matrix
We now calculate the 4D effective mass matrix for sfermions induced by brane-Higgs bosons
within RS SUSY. One must develop different methods than in the above approach of 4D Higgs
couplings.
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Effect of the φc KK tower on φ(0) masses through mixing
In this subsection, we derive the 4D masses coming from Yukawa interactions for the φR scalar
field [the same analysis can be done for φL] in the toy model of Appendices A A.1 and A A.2,
assuming that the φH0u boson acquires a VEV vu =
√
2〈φH0u〉 ∼ 102 GeV.
In addition to the φ¯
(0)
R φ
(0)
R mass, proportional to (Yvu)2, which is obtained directly from the
Lagrangian (A.26), the exchanges of the KK modes φ
c(n)
L also contribute to this mass as illustrates
Fig.(1) in the case where φH0u acquires a VEV. In order to compute the whole zero-mode mass, one
needs to estimate the mixing between φ
(0)
R and φ
c(n)
L , a mixing induced by the VEV at the origin of
the additional contributions as shows Fig.(1) – analogously to the mixing with the heavy Majorana
neutrino in the type I See-saw model [49]. For that purpose, we write down the complete 4D mass
matrix in the infinite basis ~φ = (φ
(0)
R , φ
c(1)
L , φ
c(2)
L , . . . ) and search for the smallest eigenvalue. Indeed,
the lightest eigenstate is typically mainly composed by the φ
(0)
R state, given usually the realistic KK
φ
c(n)
L masses which are around a few TeV at least and hence much larger than the VEV-induced
φ
(0)
R mass. From Lagrangian (A.26), this 4D mass matrix reads as −~¯φM2RR~φt ∈ L4D with [102]
M2RR =

Y2vˆ2u
∫
dyδ2f0R(y)
2 Y vˆum(1)L
∫
dy′δf0R(y
′)f1L(y
′) Y vˆum(2)L
∫
dy′δf0R(y
′)f2L(y
′) . . .
Y vˆum(1)L
∫
dy′δf0R(y
′)f1L(y
′) m(1)2L 0 . . .
Y vˆum(2)L
∫
dy′δf0R(y
′)f2L(y
′) 0 m(2)2L . . .
...
...
...
. . .
 (30)
where we have used again the compact notation fnL/R(y) = f
++
n (cL/R; y), f
cn
L/R(y) = f
−−
n (cL/R; y)
and vˆu = vu/
√
2, δ = δ(y − piRc). For writing the off-diagonal elements, we have made use of
relation (B.16) which can be written in a compact form as D′5f c nL (y) = −m(n)L eσfnL(y) and then
have redefined the scalar wave functions with eσ factors as usual in RS.
The generalized characteristic equation, of which the (squared mass) eigenvalues m2 are solutions,
reads as(
Y2vˆ2u
∫
dyδ2f0R(y)
2 −m2 −
∞∑
n=1
[Y vˆum(n)L
∫
dy′δf0R(y
′)fnL(y
′)]2
m
(n)2
L −m2
)
Π∞n=1(m
(n)2
L −m2) = 0. (31)
As m2 = m
(n)2
L leads to divergences in the above equality, those are not solutions. Hence Eq.(31)
simplifies to
Y2vˆ2u
∫
dyδ2f0R(y)
2 −m2 +
∞∑
n=1
[Y vˆum(n)L
∫
dy′δf0R(y
′)fnL(y
′)]2
m2 −m(n)2L
= 0. (32)
Using here also the equality m
(n)2
L /(m
2 − m(n)2L ) = −1 + m2/(m2 − m(n)2L ) together with the
completeness relation applied as
∑∞
n=0 f
n
L(y)f
n
L(y
′) = δ(y − y′), one can rewrite
Y2vˆ2uδ(0)f0R(piRc)2 −m2 − Y2vˆ2uf0R(piRc)2δ(0) + Y2vˆ2um2f0R(piRc)2Gf
++(cL)
5 (m
2;piRc, piRc) = 0
m2
(
1− Y2vˆ2uf0R(piRc)2Gf
++(cL)
5 (m
2;piRc, piRc)
)
= 0. (33)
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Since m2 = 0 is not a physically acceptable solution,
m2 =
f0L(piRc)
2
1
Y2vˆ2uf0R(piRc)2
−∑∞n=1 fnL(piRc)2m2−m(n)2L
. (34)
The check at this level is that in the decoupling limit m
(n)
L → ∞ for any n ≥ 1, we recover
the equality between the Yukawa mass for (zero-mode) fermions and their scalar superpartner, as
expected in a 4D SUSY theory:
m2 → Y2vˆ2uf0R(piRc)2f0L(piRc)2 = Y24Dvˆ2u = m2fermion. (35)
The divergence cancellation in Eq.(33) and this 4D SUSY limiting case confirm that our solution
for the smallest eigenvalue will be consistent. This consistency is due to the infinite aspect of the
φ
c(n)
L basis considered here, in analogy to the calculation of Yukawa couplings in Section II B. Now
in the case (of realistic scenarios) where the eigenvalue of the lightest eigenstate m2lightest is much
smaller than m
(1)2
L , one obtains at leading order from Eq.(34):
m2lightest '
f0L(piRc)
2
1
Y2vˆ2uf0R(piRc)2
+
∑∞
n=1
fnL(piRc)
2
m
(n)2
L
. (36)
An eigenvalue m2 much smaller than m
(1)2
L can only be the smallest one since all the others are
larger than m
(1)2
L . As a matter of fact, at leading order in f
0
L(piRc)
2/fnL(piRc)
2 for n ≥ 1, Eq.(34)
can be rewritten as
m2
(
− 1Y2vˆ2uf0R(piRc)2
+
∞∑
n=1
fnL(piRc)
2
m2 −m(n)2L
)
' 0. (37)
Here the solution m2 ' 0, at leading order in f0L(piRc)2/fnL(piRc)2, corresponds to the lightest
solution (36). Concentrating on the other solutions, those satisfy
1 = Y2vˆ2uf0R(piRc)2
∞∑
n=1
fnL(piRc)
2
m2 −m(n)2L
. (38)
For this sum to be equal to unity, at least one of the terms must be positive, that is to say that
m2 −m(n)2L > 0 for at least one value of n ≥ 1. Even if it occurs for n = 1, one would obtain that
m2 > m
(1)2
L which means that all the solutions m
2 of Eq.(38) have to be larger than m
(1)2
L at least.
The above method was inspired from an higher-dimensional analysis performed in [50].
Effect of the Σ KK tower on φ(0) masses through integration out
Let us calculate the 4D zero-mode masses due to SUSY D-terms for φL (to vary our examples),
still in the context of Appendix A. There exist contributions from the exchange of the KK modes
Σ(n) if φH0u acquires a VEV, as is illustrated in Fig.(2) replacing φR by φL. Such contributions
to the φ¯
(0)
L φ
(0)
L mass are not arising from a mixing between φ
(0)
L and some KK excitations (as
happens in previous subsection for Yukawa terms). These low-energy contributions must instead
be calculated by integrating out the Σ(n) fields, exactly like the heavy triplet scalar is integrated
out within the type II See-saw scenario [49]. Hence we derive here the complete |φH0u |2φ¯
(i)
L φ
(j)
L
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couplings induced by integrating out all the Σ(n) modes, which contribute to the φ¯
(0)
L φ
(0)
L mass
after φH0u gets its VEV.
As we are going to concentrate on the explicit derivation of the various contributions to the
|φH0u |2φ¯
(i)
L φ
(j)
L couplings, we will consider a Lagrangian part depending only on the fields φH0u , φL
and Σ. This Lagrangian is obtained from Eq.(A.28) and Eq.(A.30) in terms of the 5D fields:
− e4σLD−terms5D = −
e2σ
2
∂µΣ∂
µΣ +
1
2
∣∣∣Dk5Σ∣∣∣2 − g(qLφLφL + qH0uδφH0uφH0u)Dk5Σ + g2qLqH0u |φLφH0u |2δ.
Using once more Eq.(15), replacing the 5D fields by their KK decomposition, redefining them
with warp factors (to recover the canonical 4D kinetic terms) and applying the orthonormalization
condition (B.1), one gets the 4D Lagrangian
LD−terms4D =
1
2
∞∑
n=1
∣∣∣∂µΣ(n)∣∣∣2 − 1
2
∞∑
n=1
M (n)2Σ(n)2 − qLg
∞∑
i,j=0
∞∑
n=1
T ijnL M (n)Σ(n)φ
(i)
L φ
(j)
L
−qH0ug
∞∑
n=1
g++n (piRc)M
(n)Σ(n)φH0uφH0u − qLqH0ug2
∞∑
i,j=0
φ
(i)
L φ
(j)
L f
++
i (cL;piRc)f
++
j (cL;piRc)φH0uφH0u
(39)
with T ijnL =
∫ piRc
−piRc dyf
++
i (cL; y)f
++
j (cL; y)g
++
n (y).
The equation of motion for each field Σ(n) (n ≥ 1) is then given by,
−
(
∂µ∂
µ +M (n)2
)
Σ(n) = qLg
∞∑
i,j=0
T ijnL M (n)φ
(i)
L φ
(j)
L + qH0ugg
++
n (piRc)M
(n)φH0uφH0u , (40)
which can be rewritten at second order in ∂µ∂
µ/M (n)2,
Σ(n) ' − g
M (n)
[
1− ∂µ∂
µ
M (n)2
+
{ ∂µ∂µ
M (n)2
}2](
qL
∞∑
i,j=0
T ijnL φ
(i)
L φ
(j)
L + qH0ug
++
n (piRc)φH0uφH0u
)
. (41)
Now we integrate out all the Σ(n) fields by inserting Eq.(41) into Eq.(39) which gives rise to the
following terms in the Lagrangian, restricting ourselves to the first order in ∂µ∂
µ/M (n)2,
qH0uqLg
2
∞∑
n=1
g++n (piRc)φH0uφH0u
∞∑
i,j=0
T ijnL φ
(i)
L φ
(j)
L
− qLqH0ug2
∞∑
i,j=0
φ
(i)
L φ
(j)
L f
++
i (cL;piRc)f
++
j (cL;piRc)φH0uφH0u
+ qH0uqLg
2
∞∑
i,j=0;n=1
g++n (piRc)T ijnL
∂µ(φH0uφH0u)∂
µ(φ
(i)
L φ
(j)
L )
M (n)2
∈ LD−terms4D . (42)
The first term in this Lagrangian part can be rewritten, according to the orthonormalization
condition (B.1) and completeness relation (B.2), as
qH0uqLg
2
∞∑
n=1
g++n (piRc)φH0uφH0u
∞∑
i,j=0
T ijnL φ
(i)
L φ
(j)
L
= qH0uqLg
2
∫ piRc
−piRc
dy[δ(y − piRc)− g++0 (piRc)g++0 (y)]φH0uφH0u
∞∑
i,j=0
f++i (cL; y)f
++
j (cL; y)φ
(i)
L φ
(j)
L
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= qH0uqLg
2
∞∑
i,j=0
f++i (cL;piRc)f
++
j (cL;piRc)φH0uφH0uφ
(i)
L φ
(j)
L − qH0uqL
g2
2piRc
φH0uφH0u
∞∑
i=0
φ
(i)
L φ
(i)
L .
(43)
Then plugging this expression into Eq.(42) brings,
− qH0uqL
g2
2piRc
φH0uφH0u
∞∑
i=0
φ
(i)
L φ
(i)
L
+ qH0uqLg
2
∞∑
i,j=0;n=1
g++n (piRc)T ijnL
∂µ(φH0uφH0u)∂
µ(φ
(i)
L φ
(j)
L )
M (n)2
∈ LD−terms4D . (44)
At this stage, a useful check is to recover the 4D SUSY Lagrangian – in our simple toy model with a
U(1) gauge symmetry and a minimal matter content – by taking the limiting case M (n),m
(n)
L/R →∞
(n ≥ 1). Indeed, in this case Eq.(44) simplifies to the 4D SUSY Lagrangian
LD−terms4D → −qH0uqL
g2
2piRc
φH0uφH0uφ
(0)
L φ
(0)
L = −qH0uqLg24DφH0uφH0uφ
(0)
L φ
(0)
L (45)
where g4D represents the 4D effective gauge coupling constant. This test confirms the consistency
of the obtained 4D couplings in Eq.(44). This consistency relies on the full summation over the
infinite Σ KK tower in Eq.(43), similarly to the derivation of D-term couplings in Section II B.
In conclusion, the KK corrections with respect to the 4D SUSY |φH0u |2|φ
(0)
L |2 coupling arise
at the order 1/M (n)2. At this order 1/M (n)2 (and above) the corrections in Eq.(44) affect the
|φH0u |2|φ
(0)
L |2 coupling but not the consequent masses as the ‘∂µ’ acting on the constant φH0u VEV
vanishes. This means that there are no KK tower-induced corrections to any D-term mass at order
1/M (n)2 with respect to 4D SUSY.
Complete scalar mass matrices
We have done all the necessary preliminary calculations to obtain different 4D mass contribu-
tions so that we can now write the whole 4D effective scalar mass matrix within the pMSSM. We
will give the stop mass matrix as an example, the other scalar superpartner masses being easily
deducible from it. This t˜ mass matrix in the interaction basis ~˜t = {t˜(0)L , t˜(0)R , t˜(1)L , t˜(1)R } reads as
−~¯˜tM2
t˜t˜
~˜tt ∈ L4D with,
M2t˜t˜ ≡

0 0 0 0
0 0 0 0
0 0 m
(1)2
L 0
0 0 0 m
(1)2
R
 + Y
2vˆ2u
×

(f0Lf
0
R)
2[1− Y2vˆ2u(f0L)2
∑∞
n=1
(fnR)
2
m
(n)2
R
] 0 f0Lf
1
L(f
0
R)
2 0
0 (f0Lf
0
R)
2[1− Y2vˆ2u(f0R)2
∑∞
n=1
(fnL)
2
m
(n)2
L
] 0 f0Rf
1
R(f
0
L)
2
f0Lf
1
L(f
0
R)
2 0 (f1Lf
0
R)
2 0
0 f0Rf
1
R(f
0
L)
2 0 (f0Lf
1
R)
2

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− µeffY vˆu
tanβ

0 f0Lf
0
R 0 f
0
Lf
1
R
f0Lf
0
R 0 f
1
Lf
0
R 0
0 f1Lf
0
R 0 f
1
Lf
1
R
f0Lf
1
R 0 f
1
Lf
1
R 0
 + cos 2β m
2
Z

QtLZ 0 0 0
0 −QtRZ 0 0
0 0 QtLZ 0
0 0 0 −QtRZ

+ m˜e−2kpiRc

f0Lf
0
L 0 f
0
Lf
1
L 0
0 f0Rf
0
R 0 f
0
Rf
1
R
f0Lf
1
L 0 f
1
Lf
1
L 0
0 f0Rf
1
R 0 f
1
Rf
1
R
 + Ae
−kpiRc vˆu

0 f0Lf
0
R 0 f
0
Lf
1
R
f0Lf
0
R 0 f
1
Lf
0
R 0
0 f1Lf
0
R 0 f
1
Lf
1
R
f0Lf
1
R 0 f
1
Lf
1
R 0
 ,
(46)
with the notation fnL/R = f
++
n (ct˜L/R ;piRc). mZ is the Z
0 gauge boson mass, µeff = µe
−kpiRc ∼ TeV [c.f.
Eq.(22)], A ∼ 1 as above and to not introduce a new bulk scale, the soft mass localized on the TeV-brane
for bulk stops (see later discussion for the alternative possibilities of SUSY breaking masses either on the
Planck-brane or in the bulk) is taken at m˜ ∼ k. We have taken a unique soft mass m˜ for having a more
simple matrix here but the above mass matrix is easily extended to the case m˜L 6= m˜R (respective soft
masses for t˜
(0)
L and t˜
(0)
R ).
The fourth mass matrix of Eq.(46) originates from the D-terms while the Yukawa masses (second matrix)
have been generalized from Eq.(36). We have noted t˜
(0)
L and t˜
(0)
R the first two states of the basis but one
should clarify the point that t˜
(0)
L/R possess in fact small admixtures of the t˜
c(n)
L/R KK states (identical to the
fields noted φ
c(n)
L/R defined in the KK decomposition (B.12)), a kind of mixing described in the study of mass
matrix (30) and at the origin of the two corrections to the first elements in the second matrix of Eq.(46). The
KK sum in these corrections for the stop, typically localized near the TeV-brane, must be cut at ∼ 2M (1)KK
as is usual in this 5D framework (see the perturbativity considerations on the top Yukawa coupling e.g. in
[48]).
In conclusion, the effect of (−−) KK towers on the t˜(0) mass is taken into account at first order in
1/M (n)2 (or 1/m
(n)2
L/R) via the corrective terms in the second matrix of Eq.(46), whereas the (−−) KK effects
in D-term masses have been shown above to vanish at this first order (see Eq.(44)). The mixing effect of
(++) KK towers on the t˜(0) mass is taken into account at first order by diagonalizing the mass matrix (46)
which includes the first KK modes.
III. PHENOMENOLOGY
A. Quantum corrections to the Higgs mass
In this section, we compute explicitly the quantum corrections – at the one-loop level – to the φH0u Higgs
mass (similar corrections hold for the complex φH0d boson) in the model defined in Appendix A without
µ-term for simplification reason and without introducing any (soft) SUSY breaking mechanism. Indeed,
our goal in this part is to study generically the possible re-introduction, due to the existence of warped
extra dimensions, of the gauge hierarchy problem in a SUSY framework. For that purpose, we focus on the
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quadratic divergent contributions exclusively, using the 4D effective couplings derived in previous sections.
Before starting let us discuss the general aspect of this loop analysis, through an overview of the as-
sumptions made. First, our results on the cancellation of quadratic divergences and on the necessity for
some cancellation conditions in certain cases, although obtained within a minimal SUSY model, also apply
to the pMSSM gauge group, Lagrangian and field content. Indeed those results rely (partially) on the gauge
symmetry structure whatever gauge group it is [in particular abelian or not].
Secondly, there are no masses for the Higgs bosons in our framework (as neither µ-terms nor soft scalar
masses) and in turn the Higgs fields do not acquire VEV. Nevertheless, all our conclusions on quadratic
cancellations still hold, for example, in the pMSSM after spontaneous EWSB. The vanishing mass hypoth-
esis also allows us to work in the Higgs rest frame where the external four-momentum are exactly equal to
zero, a Lorentz transformation choice which does not affect our conclusions due to the invariant nature of
the (Higgs) mass.
Finally, we work generically without choosing a specific gauge; the gauge choice will be parametrized by the
non-fixed λ quantity entering the nth KK gauge boson propagator:
−i
k2 −M (n)2
[
ηµν +
1− λ
λ
kµkν
k2 − 1λM (n)2
]
.
Recall that for instance λ = 0 (λ = 1) corresponds to the Landau (Feynman) gauge which is characterized
by ∂µAµ = 0 as considered in the other parts of this paper together with A5 = 0 – for a gauge boson field
AM . We thus find that the λ-dependent terms vanish which means that the physical result on Higgs mass
corrections is not gauge-dependent, as expected. This approach confers to the analysis, and a fortiori to the
result, a general character. Although we do not fix λ, or equivalently Im(z) (which determines the Aµ field
in Eq.(A.8)), we choose to work in the Wess-Zumino gauge where the extra fields that generically appear
in the V expression have been transformed to zero (see Eq.(A.8)) due to the specific choices of Re(z), η, f
– if a gauge transformation on generic vectorial (chiral) superfields V (Ω) is defined by V → V + Z + Z¯
(Ω→ Ω +√2∂yZ), the chiral superfield Z involving the scalar field z, spinor η and auxiliary f . We choose
the Wess-Zumino gauge for simplicity in the loop calculation but the physical result that we obtain would
clearly be the same in another gauge.
Yukawa coupling sector
Starting with the fermion contributions, the first step is to get the 4D effective Yukawa couplings of the
fermions to the Higgs boson φH0u ; from the Lagrangian obtained in Eq.(A.29), we know that those couplings
after field redefinition (absorbing the
√
G factor) are λnm ≡ −
∫
dyYfnL(y)fmR (y)δ(y−piRc), assuming a real
Yukawa coupling for simplicity.
The loop diagrams involving Yukawa couplings and resulting in quadratic divergences are those drawn in
Fig.(5) and Fig.(6). From the formal point of view, for a loop having fermions of different masses as in
Fig.(5), say mf1 and mf2 , running in, one can write the loop integral as (calling λ the Yukawa coupling
constants):
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φH0u
ψ
(m)
R
ψ
(n)
L
φH0u
λnm λ′nm
FIG. 5: Quadratically divergent quantum corrections at one-loop to the φH0u mass due to the exchange of
KK Dirac fermions ψ
(n)
L/R. Couplings are described in text.
−
∫
d4k
(2pi)4
Tr
[
(−iλ)
(
1− γ5
2
)(
i
6k −mf1
)
(−iλ)
(
1 + γ5
2
)(
i
6k −mf2
)]
= −2λ2
∫
d4k
(2pi)4
[
k2
(k2 −m2f1)(k2 −m2f2)
]
(47)
The four-momentum of the fields exchanged in the loop is generically noted kµ. Note the presence of the 1±γ52
chirality projectors, since such scalar couplings flip the fermion chirality, as well as the overall minus sign
due to the Fermi-Dirac statistics which is crucial for the SUSY cancellation of divergences. Now expanding
over different KK fermion towers results in the following contribution to the φH0u Higgs mass, respecting the
correct order between the discrete KK sum and the four-momentum loop integral,
IF = −2
N,M∑
{n,m}=0,0
∫
d4k
(2pi)4
[
k2
(k2 −m(n) 2L )(k2 −m(m) 2R )
]
λnmλ
′
nm (48)
where λ′nm ≡ −
∫
dy′YfnL(y′)fmR (y′)δ(y′ − piRc) and m(n)L/R [with m(0)L/R = 0] are the KK fermion masses.
We have truncated the KK summation at the indices N,M such that m
(N)
L ,m
(M)
R ∼ Λ and consistently the
momentum integration at the cut-off of the 5D theory Λ (one has typically Λ ∼M (2)KK , the second KK gauge
mass). The reason being that the non-renormalizable 5D SUSY theory is only valid below this cut-off. The
integral gives us :
IF = − 2Y 2
N,M∑
{n,m}=0,0
∫
d4k
(2pi)4
k2
∫
dy
∫
dy′
[
fnL(y)f
n
L(y
′)
k2 −m(n) 2L
fmR (y)f
m
R (y
′)
k2 −m(m) 2R
]
δ(y − piRc) δ(y′ − piRc)
= − 2Y 2
N,M∑
{n,m}=0,0
∫
d4k
(2pi)4
k2
fnL(piRc)f
n
L(piRc)
k2 −m(n) 2L
fmR (piRc)f
m
R (piRc)
k2 −m(m) 2R
. (49)
We now calculate the scalar superpartner contributions. First one has to derive the 4D effective Yukawa
coupling of the matter scalars to the Higgs boson φH0u ; we have obtained it in Eq.(10) renaming it now for
commodity as λ˜n|L/R = −iY2
[
fnL/R(piRc)
]2
k2G
f++cR/L
5 (k
2;piRc, piRc); the KK scalar contributions to the
φH0u mass only come from these ‘diagonal’ nn Yukawa couplings as shows Fig.(6). As explained at the end
of the part commenting the scalar 4D couplings to two Higgs bosons in Section II B, the KK summation in
G
f++cR/L
5 (k
2;piRc, piRc) has to be truncated and we truncate it consistently at the index N such that m
(N)
L ∼ Λ.
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φH0u
φ
(n)
L/R
φH0u
λ˜n|L/R
FIG. 6: Quadratically divergent quantum corrections at one-loop to the φH0u mass due to the exchange of
KK scalar superpartners φ
(n)
L/R. Couplings are described in text.
From Fig.(6), we see that expanding over different KK scalar towers results in the contribution:
IS =
N∑
n=0
∫
d4k
(2pi)4
{
iλ˜n|L
k2 −m(n) 2L
+
iλ˜n|R
k2 −m(n) 2R
}
(50)
where m
(n)
L/R are the KK scalar masses. As there is no SUSY breaking here the fermions and their scalar
superpartners have identical KK masses and wave functions. We have cut the KK tower and momentum
integration at Λ (∼M (2)KK) as for the fermion contribution. We get
IS = Y 2
N∑
n=0
∫
d4k
(2pi)4
[
[fnL(piRc)]
2
k2 −m(n) 2L
k2G
f++cR
5 (k
2;piRc, piRc) +
[fnR(piRc)]
2
k2 −m(n) 2R
k2G
f++cL
5 (k
2;piRc, piRc)
]
= 2Y 2
N,M∑
{n,m}=0,0
∫
d4k
(2pi)4
k2
[fnR(piRc)]
2
k2 −m(n) 2R
[fmL (piRc)]
2
k2 −m(m) 2L
(51)
after inverting a finite summation (in 5D propagators) with the cut integration over k.
One thus finds IF + IS = 0 due to SUSY. Strictly speaking, we have in fact obtained this quadratic
divergence cancellation analytically in the generic case of any cut-off (i.e. for any Λ value). Was this result
predictable ? In the limiting case Λ < MKK – the first KK gauge mass MKK is the smallest KK mass
among bosons and fermions – where n = m = 0, one recovers the 4D SUSY model (with a cut-off) so that
the above result of quadratic cancellation constitutes only a good check. On the opposite side, for Λ →∞
assuming a known UV completion for the 5D theory (or more realistically Λ ' M? in our RS context) so
that the theory is totally 5D (or only up to the effective gravity scale), it is not surprising to find that the
pure 5D SUSY guarantees the quadratic cancellation. Finally, for any intermediate cut-off truncating KK
sums and loop integrations, our generic result is that the cancellation systematically occurs [the same cut-off
Λ must be applied on Eq.(49) and Eq.(51) so that these expressions remain exactly opposite] in what could
be called a ‘truncated 5D theory’; this constitutes the proof of a supersymmetric cancellation KK level by
KK level (i.e. the nth KK scalar contribution compensates the nth KK fermion contribution), a non-obvious
result. A similar result holds for the quadratic divergence cancellation in the gauge coupling sector treated
below.
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Comments about the cancellation of quadratic divergences
Based on the above example of cancellation of quadratic divergences in the Yukawa coupling sector (com-
pensation between fermions and their scalar superpartner), we discuss here why our approach brings some
new light on the old debate about this cancellation in Higgs mass quantum corrections in higher-dimensional
SUSY theories (the SUSY breaking aspect is not considered here) with localized Higgs interactions.
First there were questions [51, 52] on the sense of the “KK regularization” [53] in higher-dimensional
SUSY theories. The KK regularization is the divergence cancellation which relies on performing first the
infinite summation of loop-exchanged KK states and secondly the infinite four-momentum loop-integral;
this order corresponds to a non-justified inversion in the analytical computation of an infinite number of
KK contributions at the one-loop level to the Higgs mass.
We have shown, in the part commenting the scalar 4D couplings to two Higgs bosons in Section II B, that
writing the scalar effective 4D couplings requires to perform an infinite summation on KK tower without
applying any cut-off. Only once one has derived these scalar effective 4D couplings, the analytical loop
computation – in a 4D framework – of KK scalar contributions to the Higgs mass can be started: that is
the correct order. Hence, the loop four-momentum integration must be performed after the aforementioned
infinite KK summation, as exhibits Eq.(50) (where an infinite summation has already been calculated to
obtain λ˜n|L/R), even if this is in contrast with a naive thinking. In Eq.(51), the summations in G5 – which
originate from the remaining summation in λ˜n|L/R – are finite so it makes sense to invert those with the
cut integration, in order to obtain the quadratic divergence cancellation with Eq.(49) [103].
Related doubts pointed out in Ref. [51] concerned the effect of the necessary cut-off, due to the non-
renormalizable aspect of 5D SUSY models, which prevents from making any infinite KK summation and in
turn to find the quadratic cancellation: indeed, the authors of [51] have demonstrated that the cancellation
results partially from SUSY and partially from a compensation between the quadratic terms of a finite
number of KK modes with masses below the cut-off and the logarithmic terms of an infinite number of KK
states above it. It was believed that the procedure in Ref. [51] based on a sharp cut of the KK tower, spoiling
the supersymmetry of the underlying theory, could prevent from quadratic cancellations. However, the
proper time cut-off (made separately from the KK level truncation) not spoiling four-dimensional symmetries
can be applied [54] and similar problems arise: quantum corrections to the Higgs mass become insensitive
to details of physics at the UltraViolet (UV) scale only under certain conditions. Another alternative to
the sharp KK tower truncation is the suppression by a Gaussian brane distribution [28] (the couplings
of high KK modes are suppressed by a finite width of the brane) which indeed allows to recover a finite
Higgs mass – including the cut-off effect but keeping an infinite sum so evading the drawbacks outlined in
[51]. Nevertheless, it appears also in Ref. [28] that other distributions leading to a linear sensitivity on the
momentum cut-off exist, a remark forbidding a general conclusion [104]. These two works [28, 54] have thus
not really solved the problems raised in [51] on a general justification of the finiteness of the Higgs mass.
The way to describe the cut-off problem of Ref. [51] within our framework is as follows. An infinite KK
summation has to be computed for applying the completeness relation and hence for finding the λ˜n|L/R
form obtained in Eq.(10) and used in Eq.(50) to give rise to the quadratic cancellation (between IS and IF ),
however, the infinite character seems meaningless as the KK states with masses above Λ make no sense in a
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theory valid only up to the cut-off scale. In fact it turns out, as we have discussed in the part commenting
the scalar 4D couplings (Section II B), that an infinite KK summation must really be calculated in order to
write down a consistent 4D Lagrangian for the fundamental 5D SUSY theory; the cut-off is indeed applied
but only after the 4D couplings have been derived (which requires an infinite summation computation) and
it is applied on the remaining not-computed sums in the coherent 4D framework [105].
We have not brought arguments against the claims of Ref. [51] but we have proposed a different ap-
proach avoiding their problems (for the KK regularization) and we have justified the required infinite KK
summation (including the cut-off aspect). Therefore the quadratic cancellation appears to be well treated in
our context and thus to be meaningful. Similar arguments hold for the independent quadratic cancellation
in the gauge coupling sector (involving also Higgs boson, higgsino, gauge boson and gaugino contributions
to the Higgs mass) that will be treated in the following subsection.
There exist other approaches like the Pauli-Villars regularization [56] or the elegant 5D (mixed position-
momentum space) framework [57], based on formally correct treatments of the divergences avoiding sub-
tleties on KK excitations and 4D Lagrangians, which also conclude positively on the validity of quadratic
cancellations.
Gauge coupling sector
First, the exchange of U(1) gauge boson KK modes contributes (c.f. Fig.(7)), via the gauge couplings
derived in Eq.(A.30), to the quadratic divergences appearing in the φH0u mass corrections. This contribution
reads as,
IA =
N∑
n=0
∫
d4k
(2pi)4
∫
dy i q2H0ug
2 [g++n (y)]
2 ηµν δ(y − piRc) −i
k2 −M (n)2
[
ηµν +
1− λ
λ
kµkν
k2 − 1λM (n)2
]
= q2H0ug
2
N∑
n=0
∫
d4k
(2pi)4
[g++n (piRc)]
2
k2 −M (n)2
[
4 +
1− λ
λ−M (n)2/k2
]
, (52)
where we have used the 4D effective gauge coupling obtained from Eq.(A.30). As for the Yukawa sector, the
KK summation and momentum integration are truncated at the 5D cut-off Λ.
φH0u
A
(n)
µ
φH0u
g2q2H0u
FIG. 7: Quadratically divergent quantum corrections at one-loop to the φH0u mass due to the exchange of
KK gauge bosons A
(n)
µ . Couplings are described in text.
The exchanges of A
(n)
µ states together with the Higgs boson also contribute as drawn in Fig.(8). Still
27
truncating the sum and integration at Λ, we obtain [see again Eq.(A.30)]
I ′A =
N∑
n=0
∫
d4k
(2pi)4
∫
dy
∫
dy′
(−i qH0ugkµ g++n (y) δ(y − piRc)) (−i qH0ugkν g++n (y′) δ(y′ − piRc))
× i
k2
−i
k2 −M (n)2
[
ηµν +
1− λ
λ
kµkν
k2 − 1λM (n)2
]
= −q2H0ug
2
N∑
n=0
∫
d4k
(2pi)4
[g++n (piRc)]
2
k2 −M (n)2
[
1 +
1− λ
λ−M (n)2/k2
]
. (53)
φH0u
φH0u
A
(n)
µ
φH0u
gqH0u gqH0u
FIG. 8: Quadratically divergent quantum corrections at one-loop to the φH0u mass due to the exchange of
KK gauge bosons A
(n)
µ together with the Higgs boson itself. Couplings are described in text.
Similarly, the exchanges of ψ
(n)
λ1
gaugino states (four-component spinorial notation) and higgsinos (ψH0u)
contribute as in Fig.(9). Deducing the 4D effective gaugino couplings from the superfield action (A.12) [as
done exactly in Eq.(A.29)], one finds the mass contribution
IG = −
N∑
n=0
∫
d4k
(2pi)4
∫
dy
∫
dy′
(
−
√
2qH0ugg
++
n (y) δ(y − piRc)
)(√
2qH0ugg
++
n (y
′) δ(y′ − piRc)
)
×Tr
[
i(6k +M (n))
k2 −M (n)2
1− γ5
2
i6k
k2
1 + γ5
2
]
= −4q2H0ug
2
N∑
n=0
∫
d4k
(2pi)4
[g++n (piRc)]
2
k2 −M (n)2 . (54)
This loop contribution carries a minus sign in front of the sum due to the Fermi-Dirac statistics. Since
there is no SUSY breaking, the gauge boson modes have the same KK masses and wave functions as their
fermionic superpartners.
φH0u
ψH0u
ψ
(n)
λ1
φH0u
gqH0u gqH0u
FIG. 9: Quadratically divergent quantum corrections at one-loop to the φH0u mass due to the exchange of
KK gaugino modes ψ
(n)
λ1
with the higgsino state ψH0u . Couplings are described in text.
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Other divergences arise from the Higgs exchange itself; see Fig.(10). The preliminary 4D result of Eq.(29)
and Eq.(27) allow us to write down these two mass corrections, respectively, as:
IH0d =
∫
d4k
(2pi)4
(
−iqH0uqH0dg
2p2Gg
++
5 (p
2;piRc, piRc)
) i
k2
→ qH0uqH0dg
2
∫
d4k
(2pi)4
[g++0 (piRc)]
2
k2
=
qH0uqH0dg
2
2piRc
∫
d4k
(2pi)4
1
k2
, (55)
IH0u =
∫
d4k
(2pi)4
(
−iq2H0ug
2p2Gg
++
5 (p
2;piRc, piRc)
) i
k2
+
∫
d4k
(2pi)4
(
−iq2H0ug
2k2Gg
++
5 (k
2;piRc, piRc)
) i
k2
→
q2H0u
g2
2piRc
∫
d4k
(2pi)4
1
k2
+ q2H0ug
2
∫
d4k
(2pi)4
Gg
++
5 (k
2;piRc, piRc)
=
q2H0u
g2
2piRc
∫
d4k
(2pi)4
1
k2
+ q2H0ug
2
N∑
n=0
∫
d4k
(2pi)4
[g++n (piRc)]
2
k2 −M (n)2 . (56)
In Eq.(55), the limit p2 → 0 has been performed (using Eq.(C.6)) since the effective coupling involved in
Fig.(10) confers to this loop diagram a tadpole-form contribution; indeed the effective diagram in Fig.(10)
may be obtained by summing the two diagrams of Fig.(4) after joining the two φH0d legs and affecting
respectively to the φH0d , Σ
(n), φH0u fields the momentum k
2 (integrated loop momentum), p2 = 0 and 0
(chosen external momentum). In Eq.(56), the limit p2 → 0 has also been performed since the effective
coupling involved in Fig.(10) for an internal φH0u field also confers to this loop diagram a tadpole-form
contribution. Here there is even an additional contribution from the exchange of Σ(n) with the same
momentum k2 as in the loop. All this can be seen from generating Fig.(10) by summing the three diagrams
of Fig.(3) after joining the two upper φH0u legs in each diagram. We have also truncated the KK summation
by the 5D cut-off Λ (like the integration), in the 5D propagator Gg
++
5 (k
2;piRc, piRc), and then inverted it
with the integral.
φH0u
φH0
u/d
φH0u
g2qH0uqH0u/d
FIG. 10: Quadratically divergent quantum corrections at one-loop to the φH0u mass due to self-couplings
and couplings with the scalar field φH0d (described in text).
The last contributions to quadratic divergences generated by gauge couplings are the scalar exchanges in
Fig.(11)-(12). In the same way as just above, the 4D D-term coupling previously obtained in Eq.(19) leads
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to the corresponding mass corrections:
IL/R =
N∑
n=0
∫
d4k
(2pi)4
(
−iqL/RqH0ug2
∫
dy[fnL/R(y)]
2p2Gg
++
5 (p
2; y, piRc)
)
i
k2 −m(n)2L/R
→ qL/RqH0ug
2
2piRc
N∑
n=0
∫
d4k
(2pi)4
∫
dy[fnL/R(y)]
2 1
k2 −m(n)2L/R
=
qL/RqH0ug
2
2piRc
N∑
n=0
∫
d4k
(2pi)4
1
k2 −m(n)2L/R
. (57)
in the limit p2 → 0 and using the orthonormalization condition for wave functions.
Similarly, the 4D effective couplings of two φ
c(m)
L/R [defined in Eq.(B.12)] to two Higgs bosons – induced by
Σ(n) exchanges – can be directly derived from the scalar field Lagrangian (A.26), by using relation (B.7),
and lead to the respective tadpole contributions of Fig.(12):
IcL/R =
M∑
m=1
∫
d4k
(2pi)4
(
qL/RqH0ug
2
∫
dy[f cmL/R(y)]
2
N∑
n=1
M (n)2
g++n (y) i g
++
n (piRc)
p2 −M (n)2
)
i
k2 −m(m)2L/R
,
reminding that f cmL/R(y) = f
−−
m (cL/R; y). Applying now the completeness relation and the equality
M (n)2/(p2 −M (n)2) = {p2/(p2 −M (n)2)} − 1, one can recast this contribution into the expression
IcL/R = −
M∑
m=1
∫
d4k
(2pi)4
(
qL/RqH0ug
2
∫
dy[f cmL/R(y)]
2p2Gg
++
5 (p
2; y, piRc)
)
1
k2 −m(m)2L/R
→ −
M∑
m=1
∫
d4k
(2pi)4
qL/RqH0ug
2
2piRc
∫
dy[f cmL/R(y)]
2 1
k2 −m(m)2L/R
= −qL/RqH0ug
2
2piRc
M∑
m=1
∫
d4k
(2pi)4
1
k2 −m(m)2L/R
(58)
in the limit p2 → 0.
φH0u φH0u
φ
(n)
L/R
g2qH0uqL/R
FIG. 11: Quadratically divergent quantum corrections at one-loop to the φH0u mass due to gauge couplings
with KK scalar superpartners φ
(n)
L/R (described in text).
At this stage where all quadratically divergent contributions have been estimated, a useful check is to
take the 4D SUSY limit: k2/m
(n)2
L/R  1 and k2/M (n)2  1 [n ≥ 1] at the zeroth order. Doing so, one
recovers indeed the whole quadratically divergent mass correction for the gauge coupling sector of the 4D
SUSY theory:
IA + I ′A + IG + IH0u + IH0d + IL + IR + I
c
L + IcR → qH0u
(
qH0u + qH0d + qL + qR
)
g24D
∫
d4k
(2pi)4
1
k2
,
30
φH0u φH0u
Σ(n)
φ
c(m)
L/R
gqH0u
gqL/R
FIG. 12: Quadratically divergent quantum corrections at one-loop to the φH0u mass due to the exchange of
KK (−−) scalar superpartners φc(m)L/R and KK (−−) scalar modes Σ(n) (couplings discussed in text).
with g4D = g/
√
2piRc as already defined. Indeed, in 4D SUSY the quadratically divergent Higgs mass
corrections cancel each other only if the anomaly cancellation condition qH0u + qH0d + qL + qR = 0 is verified,
recalling that the quadratic divergence cancellation is induced by the simultaneous presence of SUSY and
a gauge symmetry (which relies on the absence of Adler-Bardeen-Jackiw anomalies [58] originating from
triangular loops of fermions).
In the present RS SUSY context with localized Higgs fields, we thus have first to wonder what is the
global 5D anomaly cancellation condition. The contributions to triangular loops, of the fermions belonging
to the chiral matter superfields ΦL and Φ
−−
L , should vanish due to the vectorial nature of the 5D theory
[i.e. presence of Φ−−L ]. Same comment holds for the Φ
c
L and Φ
c−−
L superfields. The orbifolding apparently
spoils this 5D vectorial nature [i.e. no zero-mode for Φ−−L ] but the anomaly cancellation is recovered in the
matter sector through certain tree level contributions (see e.g. Ref. [59]) induced by the Chern-Simons term
(see Ref. [60] for the case of warped orbifolds) together with mixings generated by the Stu¨ckelberg term (for
instance, see Ref. [61]). For intervals in AdS5, anomalies might lead to some constraints on the consistent
effective field theory description [62]. Finally, one must recall here that the whole 5D anomaly cancellation
condition includes the anomaly cancellation condition of the low-energy 4D chiral theory whose role is to
insure the anomaly cancellation for the contributions of the zero-modes and possibly fields of the considered
model confined on 3-branes (in other words for all states except the KK excitations).
Coming back to our 5D SUSY model, we see that one gets (whatever are the KK masses)
IA + I ′A + IG + IH0u + IH0d + IL + IR + I
c
L + IcR = qH0u
(
qH0u + qH0d + qL + qR
) g2
2piRc
∫
d4k
(2pi)4
1
k2
,
so that the quadratic divergence cancellation for the Higgs mass in the gauge sector (and hence in all sectors)
is guaranteed by the 4D condition qH0u + qH0d + qL + qR = 0 for the chiral zero-modes and 4D higgsinos
(localized on the TeV-brane) which is part of the 5D anomaly cancellation condition. On the other side, the
vectorial nature of the 5D SUSY theory, which induces the cancellation of 5D anomalies, is also responsible
for the cancellation of the KK φ
(n)
L/R contributions to the Higgs mass quadratic divergences (entering Eq.(57))
with the KK φ
c(m)
L/R contributions (see Eq.(58)). This cancellation results from a compensation KK level by
KK level and remains thus true for any 5D cut-off value.
As a general conclusion (the present analysis being not based on arguments restricted to warped geometries),
in higher-dimensional SUSY models, the quadratic divergence cancellation in the Higgs mass is insured by
the higher-dimensional anomaly cancellation condition (as occurs in 4D with the difference that the higher-
31
dimensional anomaly condition can be more complex than the 4D one since it may include the adjustment
of the Chern-Simons term to restore the vectorial behavior [106]).
We finish this part by a comment, for completeness. While the condition qH0u+qH0d +qL+qR = 0 is issued
from anomalies of type U(1)−Gravity−Gravity, there is a second condition, namely q3H0u +q
3
H0d
+q3L+q
3
R = 0,
coming from the cubic U(1)−U(1)−U(1) anomalies. Let us mention here the third condition on U(1)
charges in our toy model: qH0u + qL + qR = 0 related to the existence of a Yukawa interaction for ΦL/R
(see Eq.(A.12)). Our motivation for writing an interaction of this type was clearly to consider all the
quadratically divergent contributions to the Higgs mass and in particular those involving Yukawa couplings
(discussed above).
B. Sfermion mass splitting
Phenomenological framework
We first describe in more details the phenomenological framework of this Section III B. We consider
the class of SUSY breaking scenario where (soft) squark/slepton masses appear in the bulk and on the
boundaries [see SUSY breaking classification of Section II A]. The model studied is the warped 5D pMSSM.
We do not compute numerically the heavy KK state mixing effects since we focus on dominant low-energy
structural effects on scalar couplings induced by the SUSY breaking scenario discussed below.
Let us thus discuss what are the favored geometrical setups concerning the SUSY breaking scalar mass
locations. First, to have a generic approach, we assume that all bulk sfermions have additional (i.e. SUSY
breaking) 5D mass terms of course invariant under the Z2 parity: those are also taken of the type shown
in Eq.(A.27) but with other c parameters. We have shown in Appendix B B.3 that adding such masses is
equivalent to introduce new 5D scalar parameters, say cf˜L/R , completely independent from the fermion (or
superfield) parameters cfL/R and thus affects the scalar localizations. In analogy with RS flavor models for
fermions, we will generally make the hypothesis that the first generations of sfermions are typically localized
towards the UV boundary (large cf˜L/R) whereas last families are rather located near the IR boundary (small
cf˜L/R). Remaining general, the first scalar generations have also SUSY breaking masses localized on the two
boundaries and the large soft masses on the Planck-brane are thus not reduced by wave functions overlaps.
These Planckian masses mimic (−+) BC so that the first generation sfermion zero-modes decouple from the
low-energy theory as occurs in the model of Ref. [44]. This class of scenario represents thus a realization
of partially split SUSY models which allow to improve the situation [63] with respect to Flavor Changing
Neutral Currents (FCNC). In contrast, the last sfermion generations have soft masses on the TeV-brane
which are not suppressed by wave function overlaps. These soft masses enlarge the parameter space that
we will explore. Having typically small cf˜L/R for last sfermion families is also an attractive possibility as it
leads to sfermion masses which are mainly generated by the Yukawa interactions after EWSB, as for SM
fermions, and to specific collider signatures as discussed in the following subsections.
For the considered case cf˜L/R < cfL/R , the Yukawa-like couplings of these last generation sfermions to Higgs
bosons [first coupling matrix in Eq.(21)] are increased – modulo a square and a Higgs rotation angle/VEV
– relatively to the effective 4D fermion Yukawa couplings [see Eq.(11)] which are themselves equal to the
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4D SUSY scalar Yukawa couplings (forgetting small KK corrections). A same comparison holds for the
interactions proportional to µeff [second coupling matrix of Eq.(21)]. Since the RS SUSY scenario considered
increases globally sfermion couplings to Higgs bosons compared to the usual 4D SUSY case, which brings
new significant contributions to the (s)quark triangular loop of the gluon-gluon fusion mechanism for Higgs
production at hadron colliders [= main production channel] [64] [107], one might wonder whether such a
model is not excluded by present experimental searches [66] at Tevatron Run II for 4D SUSY Higgs fields (or
estimated results from SM Higgs searches [67] e.g. in the decoupling limit). First it must be remarked that
the Tevatron production cross sections and decay branching ratios as well as various theoretical uncertainties
have been recently re-evaluated for SUSY Higgs bosons [68], also that 4D SUSY Higgs searches were not
exhaustive in the parameter space exploration [66] and that other effects could appear in 5D SUSY Higgs
productions. Secondly, the obtained lower limit of the lightest neutral Higgs (noted h) mass is not so close
to the 4D SUSY theoretical upper bound which furthermore can be enhanced in the 5D SUSY context [33]
enlarging the allowed mass range. In fact, the main 4D SUSY contribution to the gluon-fusion mechanism
is the stop exchange in the loop, due to its large Yukawa coupling. In the above RS SUSY setup, the
only additional new contribution is the sbottom exchange as we assume the decoupling of the first two
generations of squarks to avoid constraints from the K0−K¯0 mixing (one could even assume the decoupling
of the squark doublet Q˜L and sbottom singlet b˜R). Since we take masses mb˜ ∼ 102 GeV (from little hierarchy
arguments), the sbottom Yukawa couplings are of the same order as the (s)top Yukawa interactions and
hence comparable Higgs production rates are expected in 4D versus RS SUSY, which is realistic. Concerning
sleptons, we assume that only the first generation decouples since these non-colored scalar fields only affect
4D SUSY Higgs searches through the radiative Higgs decay into two photons, a decay representing only one
of the various channels investigated. Going into the details of the calculation of the Higgs production/decays,
different sfermion exchanges might suppress each other by destructive interferences of the triangular loops
[64] depending on the signs of various 4D effective couplings over parameter ranges, and some more freedom
might even arise from 5D SUSY model building.
Concerning bulk gauginos, their 4D soft masses are taken effectively i.e. without specifying the higher-
dimensional geometry (as we do not study possible 4D/5D SUSY differences in that sector). For example
these masses could be localized on the TeV-brane – without suffering from large overlap suppression like
light generations.
Charge and color breaking minima
Before presenting numerical results, we need to discuss another SUSY aspect which is significantly
modified in this RS context: the Charge and Color Breaking (CCB) minima. We will show that no drastic
constraints arise on the parameter space and even that no SUGRA-like scenario – in the sense where trilinear
soft scalar terms are proportional to the Yukawa coupling constants (reducing effectively the trilinear scale
A) – needs to be assumed [as usually required in 4D SUSY] in order to satisfy those constraints.
In 4D mSUGRA, the constraints coming from imposing the absence of CCB global minima for the
potential of squark/slepton VEV’s read typically as [69] (see [70] for the NMSSM case), taking the example
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of the usually dangerous selectron direction,
(Ye4DAe)2 < 3
(
(m˜eR)
2 + (m˜eL)
2 + mˆ2d
)
(Ye4D)2 (59)
where m˜eL, m˜
e
R denote the selectron soft masses and mˆ
2
d = m
2
Hd
+ µ2 with mHd being the down Higgs
soft mass. Ye4D ∼ 10−5 is the Yukawa coupling constant for the electron and Ae ∼ 102 GeV. Since the
Yukawa couplings simplify each other in the above inequality, there are often not written in the literature,
but here we keep them for the 5D discussion below. The general conclusion on the 4D case is that the
CCB constraints, as illustrates the one above, remain respected if the soft parameters A, m˜, mHd and also
µ are all of order the EWSB scale (which is compatible with both the Higgs fine-tuning considerations and
electroweak potential minimization relations).
For mSUGRA models in a warped background, the CCB constraint (59) is replaced by (neglecting the
KK mixing corrections),
(YeAee−σ(piRc)f0Lf0R)2 < 3
(
m˜eR(f
0
Re
−σ(piRc))2 + m˜eL(f
0
Le
−σ(piRc))2 + mˆd|2eff
)
(Yef0Lf0R)2 (60)
as deduced from the form of 4D Higgs couplings (21) – of type Y2 and A – and the form of 4D soft scalar
masses on TeV-brane in Eq.(46). Here f0L/R = f
++
0 (ce˜L/R ;piRc); A
eYe = O(1) (as discussed in the next
subsection on slepton masses in mSUGRA) and mˆd|2eff = m2Hd +µ2eff [see the discussion on µeff in Section
II A]. Now, the RS CCB criteria of type Eq.(60) simplifies to
(Aee−σ(piRc))2 < 3
(
m˜eR(f
0
Re
−σ(piRc))2 + m˜eL(f
0
Le
−σ(piRc))2 + mˆd|2eff
)
(61)
where Aee−σ(piRc) ∼ 102 GeV so that this condition is as natural as in 4D mSUGRA for effective soft masses
at the EWSB scale, which is the case since mˆd|eff ∼ 102 GeV and e.g. m˜R(f0Re−σ(piRc))2 ∼ k2e−2σ(piRc) ∼
(102 GeV)2 [m˜R ∼ k from discussion below Eq.(46) and see Eq.(B.13) for the wave function order of
magnitude] as confirmed by all the values obtained in next subsections.
In an RS framework with a SUSY breaking not specifically of the type SUGRA, the CCB constraint of
Eq.(60) simply becomes
(Aee−σ(piRc)f0Lf
0
R)
2 < 3
(
m˜eR(f
0
Re
−σ(piRc))2 + m˜eL(f
0
Le
−σ(piRc))2 + mˆd|2eff
)
(Yef0Lf0R)2 (62)
with now Ae = O(1) being dimensionless [c.f. Eq.(46)]. After simplification, it reads as
(Aee−σ(piRc))2 < 3
(
m˜eR(f
0
Re
−σ(piRc))2 + m˜eL(f
0
Le
−σ(piRc))2 + mˆd|2eff
)
(Ye)2 , (63)
a condition which is also systematically fulfilled in orders of magnitudes since (Ye)−1e−σ(piRc) ∼ ke−σ(piRc) ∼
102 GeV. Hence, we conclude that within RS SUSY the CCB constraint is generically satisfied, with respect
to the orders of magnitude, even without assuming a SUGRA-like breaking.
Strictly speaking, the CCB induced conditions must be imposed at the energy scale Q ∼ 〈 f˜ 〉 but the
running of soft parameters in the RS SUSY framework is beyond our scope.
There exists a related kind of bound which originates from forbidding true minima along scalar potential
directions Unbounded From Below (UFB) [71] (c.f. [70] for the NMSSM). The condition for such minima
not to be deeper than the standard EWSB minimum implies the following bound, m0/m1/2 > O(1) (in
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case one assumes universal soft terms). This typical UFB bound should also be quite easily satisfied in an
RS SUSY context, applying it for simplicity on the 4D effective soft masses.
Finally, one must recall that the actual relevance of these CCB and UFB bounds is not entirely evident
in general because even if e.g. an existing CCB minimum is deeper than the standard EWSB one, it can be
acceptable if the tunneling rate out of the standard minimum is small relatively to the age of the universe.
The various analyses in literature lead to the conclusion that these tunneling rates are often quite small
(the original paper is the third one of Ref. [69]). The relevance of the CCB and UFB bounds is thus
model-dependent as it depends on cosmology, and in particular on which minimum we drop after inflation
[72].
Numerical results for stop masses: a first discrimination test
First, we investigate the heavy quark superpartner (namely the stop denoted t˜) sector. The flavor context
of the pMSSM, considered in this paper, will be reminded in Section III C where all flavors are potentially
involved. In the present analysis, we propose a test to discriminate the 4D pMSSM w.r.t. 5D warped
pMSSM by looking at the different ways to generate stop masses in these two setups. To be general, we
consider here within 4D and 5D SUSY the case where the soft breaking parameters are chosen effectively,
only constrained from the experimental data.
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FIG. 13: Allowed regions in the planmt˜2 versusmt˜1 (in GeV) within 4D SUSY [demarcated by the blue lines]
and RS SUSY [green/red points]. The plot on the left side corresponds to the situation where there are no
more SUSY breaking terms on the TeV-brane (for the 5D case). The thick blue lines represent a lower limit
onmt˜2 obtained analytically. The parameters are scanned in the intervals indicated on the plot. cL/R = ct˜L/R
are the 5D stop parameters. In the RS case, the so-called effective parameter µeff is the equivalent of the
µ parameter in 4D SUSY [c.f. Eq.(22)]. The interval indicated on m˜ (At) corresponds to the scan interval
for the soft stop masses m˜L/R (trilinear coupling At) in 4D SUSY and m˜L/R|eff =
√
m˜L/Rke−2kpiRc
(At|eff = Atke−kpiRc) in the RS SUSY case.
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FIG. 14: Allowed regions in the plan mt˜2 versus mt˜1 (in GeV) within 4D SUSY. These regions have been
obtained for parameters scanned in the intervals indicated on the plot itself.
In Fig.(13), we have represented the domains possibly explored in 4D or warped SUSY in the plan
of the two stop mass eigenstates. The blue lines represent the lower limit on mt˜2 obtained in 4D SUSY
(see discussion below). The two plots showed correspond to scans of the fundamental parameters in the
case where SUSY breaking occurs in the bulk (see Appendix B B.3), and for the right plot, soft SUSY
breaking terms (stop masses and trilinear couplings) have been added on the TeV-brane. For the left
plot, the only parameters entering the scan are the SUSY parameters tanβ, µ (or µeff [see Eq.(22)]),
the 5D stop parameters ct˜L/R and the soft masses m˜L/R (for 4D SUSY), whereas for the right scan we
have further considered the 4D trilinear coupling At as well as the TeV-brane SUSY breaking parameters
m˜L/R|2eff = m˜L/Rke−2kpiRc and At|eff = Atke−kpiRc appearing in the stop mass matrix of warped SUSY
models (as seen from Eq.(46) and Eq.(B.13)). The At|eff term is localized on the TeV-brane due to the
Higgs localization. In case of the absence of soft stop mass terms on the TeV-brane (left plot), the stop
mass is generated in particular by its coupling with the Higgs boson – which can itself be increased through
the stop-Higgs wave function overlap controlled by the SUSY breaking stop mass term in the bulk.
The parameters are scanned over the following ranges, tanβ ∈ [2; 50], µ, µeff ∈ [100; 1000] GeV, ct˜L/R ∈
[−1, 1], m˜L/R, m˜L/R|eff ∈ [0; 1000] GeV and At, At|eff ∈ [0; 1000] GeV. The interval on tanβ is conservative
given present constraints [31, 76]. The µ or µeff (|ct˜L/R |) interval is justified by its required order of
magnitude at the EWSB scale (around ∼ 1) as discussed in Section II A. The m˜L/R range is motivated by
the usual effective scale of 4D SUSY breaking scenarios limiting the Higgs mass fine-tuning and the m˜L/R|eff
range is motivated by the energy scale orders in RS: m˜L/R|eff = (m˜L/Rke−2kpiRc)1/2 ∼ (k2e−2kpiRc)1/2 ∼ 102
GeV [see discussion below Eq.(22)]. Finally, The chosen At interval is based on usual 4D SUSY breaking
scenarios and the considered At|eff range comes from the scales characteristic of RS: At|eff = Atke−kpiRc ∼
1 × ke−kpiRc ∼ 102 GeV [see again below Eq.(22)]. In order to have a consistent comparison between 4D
and 5D models, we have chosen the same ranges in both setups. The scans in the plots are not performed
on negative values of the At (or At|eff ) neither of the µ (or µeff ) terms but taking the opposite signs does
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not change the conclusions. The last remark on the scans is that having chosen slightly larger parameter
ranges – but remaining with the same orders of magnitude as above since those are physically motivated –
would have not affected significantly the obtained numerical results presented here.
Let us now explain the differences arising between the 4D and 5D models in plots of Fig.(13). For that
purpose, we need to start from the stop mass matrix structure. The stop mass matrix within the RS scenario
has been derived in Eq.(46). Moving to 4D SUSY, we recall the general form of the stop mass matrix in the
{t˜L, t˜R} basis,
M2t˜t˜|4D SUSY =
 m2t +QtLZ cos 2β m2Z + m˜2L At − µmttan β
At − µmttan β m2t −QtRZ cos 2β m2Z + m˜2R
 (64)
where QtLZ ≡ 12 − 23 sin2 θW , QtRZ ≡ − 23 sin2 θW and mt is the top quark mass. One can note at this level that
the SM top mass entering this mass matrix (and taken in agreement with recent Tevatron measurements
[73]) is larger than the experimental lower bound on the stop mass, mt˜1 > 95.7 GeV [32, 76]. The mass
matrix (64) can be diagonalized by 2 × 2 orthogonal matrices, resulting in the following mass eigenvalues
for the stop eigenstates t˜1,2,
m2t˜1,2 =
1
2
(
2m2t +
1
2
cos 2β m2Z + m˜
2
L + m˜
2
R
∓
√(
(QtLZ +Q
tR
Z ) cos 2β m
2
Z + m˜
2
L − m˜2R
)2
+ 4
(
At − µmt
tanβ
)2)
. (65)
For 4D SUSY, in Fig.(13), we observe that mt˜2 has a lower limit (blue line) depending on mt˜1 : this limit
is due to the structure of matrix (64) and it has thus been possible to obtain it analytically. Indeed, from
Eq.(65), summing the two squared masses, we get
m2t˜2 +m
2
t˜1
= 2m2t +
1
2
cos 2β m2Z + m˜
2
L + m˜
2
R. (66)
For arbitrary large soft masses, m˜2L and m˜
2
R, there is no constraint on how high can mt˜2 be compared to
mt˜1 as illustrated in Fig.(13). We are thus interested in how low can mt˜2 be w.r.t. mt˜1 in the low soft
mass region (where it appears on the plot to exist a non-trivial lower limit on mt˜2). Obviously, one must
have mt˜2 ≥ mt˜1 & 100 GeV from definition together with the experimental constraint on stop searches
mentioned above. The mt˜2 lowest value thus corresponds to m˜L/R = 0 together with a vanishing t˜L − t˜R
mixing, resulting in mlowest
t˜2
= mt˜1 =
√
m2t +
1
4 cos 2β m
2
Z ∼ mt. When there is a non-vanishing mixing, for
mt˜1 ≤ mlowestt˜2 , we have from Eq.(66)
mt˜2 ≥
√
2m2t +
1
2
cos 2β m2Z −m2t˜1 for mt˜1 ≤
√
m2t +
1
4
cos 2β m2Z (67)
which corresponds to the first branch of the blue line in both plots of Fig.(13) – fitting perfectly the lower
limit of the 4D SUSY scan point domain that we have also generated for checking [it is shown on Fig.(14)].
The second branch, as mentioned above, simply reveals the constraint
mt˜2 ≥ mt˜1 for mt˜1 ≥
√
m2t +
1
4
cos 2β m2Z . (68)
The minimum mt˜2 value is thus
mlowestt˜2 = mt˜1 for mt˜1 =
√
m2t +
1
4
cos 2β m2Z ∼ mt. (69)
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Note that this result is a quite general result for 4D SUSY models.
Having determined explicitly the 4D SUSY structural limit on mt˜2 as a function of mt˜1 , we now turn
our attention to the results in the context of RS SUSY shown in Fig.(13). Looking at those two plots, we
observe an important difference between the 4D and 5D SUSY models; mt˜2 can now reach smaller values
(for a given mt˜1 value) than those in 4D SUSY [limited by the blue line] and is now only constrained by
mt˜2 ≥ mt˜1 & 100 GeV. (70)
This difference with the 4D case can be understood as follows. The 4D SUSY conservative constraint of
Eq.(69) is changed in RS to the global constraint mt˜2 & Y vˆuf++0 (ct˜L ;piRc)f++0 (ct˜R ;piRc) as deduced from
Eq.(46). If there were no SUSY breaking in the bulk, one would have ct˜L/R = ctL/R and by consequence
Y vˆuf++0 (ct˜L ;piRc)f++0 (ct˜R ;piRc) = mt [neglecting the KK (s)top mixing effect as already mentioned] so that
the constraint (69) would be recovered. However, when SUSY is broken in the bulk, ct˜L/R are now effectively
free parameters that can lead to either larger or smaller values of Y vˆuf++0 (ct˜L ;piRc)f++0 (ct˜R ;piRc) relatively
to mt. In particular, the lower limit in Eq.(67) materialized by the first branch in plots is relaxed down to
the bound (70) in RS SUSY, thus explaining the RS scanned points going beyond the blue line.
Hence a measurement of mt˜2 at high energy colliders in the lower-left region of the RS scans shown here
(below the blue line) would greatly disfavor 4D SUSY models in their minimal form while constituting pos-
sible signatures of RS SUSY scenarios. Such a discrimination test should be already possible before a future
precision ILC physics, at LHC, given the experimental accuracies expected on squark mass reconstructions.
Indeed, an uncertainty of ∼ 5% − 10% on stop masses should be reachable at LHC [74] which is clearly
sufficient for the potential test suggested here, given the large stop mass deviations in RS with respect to
the pure 4D SUSY scenario shown in Fig.(13). This typically expected accuracy of ∼ 5% − 10% on stop
masses corresponds to illustrative examples studied in Ref. [74] but of course the exact performance would
rely on effectively observed events at LHC as well as on the realized SUSY model/parameters chosen by
nature. Note finally that for the values taken throughout this paper, mν˜1 > 120 GeV and mχ˜01 > 150 GeV,
the conservative experimental lower bound on the stop mass is exactly mt˜1 > 95.7 GeV [32, 76] so that
the region only accessible in RS SUSY on Fig.(13) is not yet excluded and could be revealed by an LHC
discovery.
The last comment – which is interesting for understanding the formal RS SUSY construction and will
prove to be useful for Section III D – is about the difference between the two plots of Fig.(13). In the first
scenario (left plot) where breaking only occurs in the bulk, while, as discussed, mt˜2 can reach any values
& 100 GeV, on the other side we observe that the scan reaches a maximum value of mt˜2 depending on mt˜1 .
This is due to the chosen usual range for the ct˜L/R parameters spanning from −1 to +1, together with the
absence of soft mass terms on the TeV-brane. Indeed, in the absence of such mass terms, high values of mt˜2
are limited by the diagonal Yukawa-type mass contributions and thus by the largest allowed overlap of the
stop wave functions with the Higgs boson, an overlap being limited from above by the minimal ct˜L/R values.
In contrast, the scan is not limited from above for the second RS scenario (right plot) due to the presence
of soft mass terms on the TeV-brane (and even of trilinear scalar couplings).
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Numerical results for smuon masses in mSUGRA
In this part, we consider within 4D SUSY the subcase of the mSUGRA scenario where the soft breaking
parameters have universal values at the Grand Unified Theory (GUT) scale, m0, m1/2, A0, the whole
trilinear scalar couplings A0Y being proportional to Yukawa coupling constants Y. The two other input
(SUSY) parameters are tanβ and sign(µ). The soft masses m˜L/R will be run here [108] from their GUT
value m0 down to low-energy, where we study collider physics, and the obtained values included into the
mass matrix form (64). To adopt a general approach, we will take the low-energy |A| parameter to be
between zero and the TeV scale. This maximum scale is justified, in 4D mSUGRA, by the order of effective
SUSY breaking scales and by the condition of absence of CCB minima [see typically Eq.(59)].
In a minimal RS version of the mSUGRA scenario, the set of parameters entering the scalar mass matrices
can be taken as follows. First, the parameter µeff (see Eq.(22)), which enters the mass matrix form (46),
is taken at the µ value one gets in 4D mSUGRA since it is the equivalent parameter. The possible kind
of differences arising between 4D and 5D models in the running necessary to derive the µ parameter is not
studied here; this is a potential source of additional differences that could lead to new tests for distinguishing
between 4D and 5D SUSY. Similarly, for the diagonal scalar mass matrix elements, we take the same values
as the ones obtained from the 4D mSUGRA running, motivated by the fact that we will focus on differences
between 4D and 5D mSUGRA arising in the off-diagonal mass matrix elements. Last but not least, in a
mSUGRA like scenario, one would have a new [compared to Eq.(46)] trilinear coupling constant AY = O(1)
with A ∼ (1/Y) ∼ k to not introduce new scales. The quantity A|eff = AYke−kpiRc ∼ TeV (A = 0
could also be an acceptable scale) appearing now in the A terms of Eq.(46), namely in AYe−kpiRc vˆuf0Lf0R,
is taken equal numerically to the 4D SUSY breaking parameter A introduced just above, neglecting once
again possible differences arising in the 5D running.
Let us now emphasize 4D versus 5D differences in the smuon mass matrix (studying the example of
the smuon is motivated by the theoretical framework described above and the experimental performances
discussed below) within this context.
In 4D mSUGRA, the off-diagonal entry to squared smuon mass AµYµvˆd, driven by the muon mass (mµ), is
typically around 102 GeV2 at most which leads to a ¯˜µLµ˜R smuon mass term induced by the Higgs VEV much
smaller than the diagonal soft mass terms m˜2L
¯˜µLµ˜L and m˜
2
R
¯˜µRµ˜R [see the matrix form (64)]. Indeed, one
should typically have m˜2L,R & 104 GeV2 so that smuon mass eigenvalues are not excluded by the conservative
current experimental lower bound mµ˜1 > 94 GeV [32, 76].
The other off-diagonal ¯˜µLµ˜R contribution to the smuon mass is at most mµµ tanβ ∼ 5 103 GeV2, for
extremely optimized parameter values, so that this contribution remains also systematically smaller than
m˜2L,R & 104 GeV2. Hence the two Left-Right mass mixing terms are limited in 4D mSUGRA, relatively to
the complete diagonal elements of the 2× 2 smuon squared mass matrix.
In the RS version of mSUGRA, one has a trilinear-induced mass term AµYµe−kpiRc vˆdf0Lf0R where the
f0L/R wave function values at y = piRc are not constrained from above by the muon mass because f
0
L/R =
f++0 (cµ˜L/R ;piRc) whereas the muon mass is controlled by independent fermionic 5D parameters cµL/R in the
present SUSY breaking scheme.
Similarly, the off-diagonal Left-Right smuon squared mass µeffYµvˆd tanβf0Lf0R of Eq.(46) can take benefit
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from large factors from the scalar wave function overlaps with the Higgs brane, while tanβ takes comparable
values as in 4D SUSY and Yµ ∼ 1/k is compensated by f0Lf0R ∝ k (c.f. Eq.(B.13)). Therefore, in contrast
to the 4D mSUGRA case, the off-diagonal mixing smuon mass terms are not constrained by the muon mass
and can thus get higher values.
In consequence, the Left-Right mass mixing for smuon masses can reach higher amounts within RS
mSUGRA than in 4D mSUGRA. In turn (having a universal mass m0 tends to have a configuration with
identical diagonal squared masses), the splitting between the mass eigenvalues mµ˜1 and mµ˜2 can be much
larger as illustrates Fig.(15).
In order to obtain this figure, we have scanned the input parameters over these ranges: tanβ ∈ [1; 60],
m0 ∈ [300; 2000] GeV, m1/2 ∈ [150; 600] GeV, ct˜L/R ∈ [−1, 1] and Aµ, Aµ|eff ∈ [0; 1000] GeV (see above
discussion). The interval on tanβ corresponds to the domain allowed by the Higgs potential minimization
conditions in mSUGRA [31]. The choice of m0 and m1/2 ranges is based on the constraints coming from
SUSY searches at colliders combined with the requirement that the Lightest Supersymmetric Particle (LSP)
is not the tau lepton superpartner (the stau) [75, 76]; taking higher m0 and m1/2 values does not modify
significantly the scan presented in Fig.(15). The output smuon mass ranges (i.e. the shown plot domain
in Fig.(15)) is motivated by the order of magnitude of usual effective 4D SUSY breaking scale – near the
EWSB scale – allowing to protect the Higgs boson against too dramatic mass fine-tuning. The scans here
are not done for negative values of the Aµ (or Aµ|eff ) terms and the µ (or µeff ) terms are neither taken
negatively but choosing the opposite signs would not change the present conclusions. Besides, only values
in the range [100; 1000] GeV have been kept for the |µ| (or |µeff |) quantity; this is imposed by the orders of
experimental bounds and the Higgs potential minimization conditions already mentioned. The last remark,
as before, is that having chosen slightly larger parameter ranges – staying with the same orders of magnitude
physically motivated – would have not affected significantly the obtained numerical results shown in this
part.
In conclusion, if a mµ˜2 measurement is obtained at ILC or even at LHC at a value larger – including the
experimental uncertainty in this comparison – than the 4D SUSY upper limit appearing on Fig.(15) for a
given mµ˜1 value (assumed to be measured also), this result would rule out the 4D mSUGRA scenario [at least
in its simplest form] and constitute a good indication for an RS mSUGRA model. Indeed allmµ˜2 values above
the upper 4D mSUGRA limit can be reached within RS mSUGRA as shown by the scan over parameters.
Such a discrimination should be already possible at LHC given the accuracies expected on slepton mass
reconstructions: a ∼ 5%− 10% uncertainty is reasonable to expect [74] and clearly sufficient in a large part
of parameter space (at high mµ˜2) for the proposed potential test – given the large mass splitting reachable
theoretically in RS mSUGRA [illustrated in Fig.(15)]. This typical uncertainty of ∼ 5%−10% on the smuon
mass corresponds to illustrative examples studied in Ref. [74] but of course this performance will be quite
model/parameter-dependent and can be improved by combining different related mass measurements. Note
that the present experimental bound mµ˜1 > 94 GeV [32, 76] is respected on the plot of Fig.(15).
40
FIG. 15: Points obtained in the plan mµ˜2 versus mµ˜1 (in GeV), for an mSUGRA type scenario within 4D
SUSY [blue points] and RS SUSY [orange points], from a scan performed in the intervals indicated on the
plot. The interval indicated on Aµ corresponds to the range for the soft trilinear coupling Aµ in 4D SUSY
and for the Aµ|eff effective dimension-one parameter defined in RS SUSY (see text). cL/R = cµ˜L/R denote
now the 5D smuon parameters.
C. H boson decays
The phenomenological framework of this Section III C is the same as the one described in Section III B. We
have seen that in this RS framework the interactions between Higgs bosons and sfermions can be significantly
increased with respect to the 4D SUSY case. This is mainly due to the fact that the 5D cf˜L/R parameters
involved in these Higgs interactions are quite free (more precisely cf˜L/R only affect squark/slepton masses)
in RS SUSY whereas the same Higgs interactions are fixed by SM Yukawa coupling constants (related to SM
fermion masses) in 4D SUSY. In this section, we will look at the effects of these increases on Higgs decay
branching ratios. The analysis emphasis will be put on the example of the heaviest neutral Higgs boson
H as, kinematically, the lightest h field (being heavier than ∼ 91 GeV from LEP results but smaller than
∼ 140 GeV from SUSY Higgs structure [31]) cannot decay into pairs of on-shell sfermions (having lower
experimental limits of ∼ 102 GeV [32, 76]) and hence does not feel optimal RS effects, except of course
if the theoretical upper limit on its mass mh can really be sufficiently relaxed in warped SUSY [33]. The
pseudo-scalar field A and charged Higgs boson H± can similarly have increased decay widths into sleptons,
as we will show it occurs for H in RS SUSY.
Technically, the branching ratio formulas for Higgs bosons can be found in [31] together with EW and
NLO radiative corrections. We have included the leading corrections involved: the b quark running mass,
the radiative corrections to the neutral Higgs boson masses mh and mH as well as the corrections to the
trilinear Higgs coupling ∆λHhh within the  approximation (see Ref. [31], Section 1.3.3, for details).
These branching ratios depend on the various Higgs couplings; in RS SUSY, the H boson couplings to
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SM fermions, Higgs/gauge bosons and higgsinos/gauginos are taken as in 4D SUSY (since heavy KK mix-
ing/exchange effects are neglected as mentioned above) while the H couplings to squarks/sleptons are
deduced from stop couplings in Eq.(21) – and rotation to the sfermion mass basis.
The higher-dimensional parameters entering these effective H couplings to squarks/sleptons are cq˜L/R , c˜`L/R
(with absolute values around unity), µeff [see Eq.(22)] and A|eff = Ake−kpiRc ∼ TeV which appears in the
scalar coupling matrix of Eq.(21). The TeV scale parameter µeff (A|eff ) will be taken numerically as µ
(A) in 4D SUSY. Similarly, the effective quantity m˜L/R|eff = (m˜L/Rke−2kpiRc)1/2 ∼ TeV that shows up in
scalar mass matrices of type (46) is taken numerically approximately equal to the 4D soft mass m˜L/R ∼ TeV
[see Eq.(64)]. We denote as usual the effective 4D soft gaugino masses for the bino and wino respectively
M1 and M2.
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FIG. 16: Branching ratios of the H boson decays as a function of its mass mH (in GeV) within pure SUSY
[left] and RS SUSY [right]. The types of final states are indicated directly on the plot; all kinematically
allowed channels for neutralinos (among ¯˜χ0i χ˜
0
j , with i, j = {1, 2, 3, 4}) and squarks/sleptons are summed.
The τ lepton channel is included but not the ones with branching ratios below ∼ 10−2 in this mH range (like
the triangular-loop induced decays into photons and gluons). The values for the gaugino sector parameters
in the two plots are: µ = µeff = 170 GeV, tanβ = 6 and M1 = 160 GeV, M2 = 1000 GeV, leading to
the neutralino masses mχ˜01 ' 128 GeV, mχ˜02 ' 174 GeV and lightest chargino mass mχ˜±1 ' 167 GeV. The
other common parameters are taken at At|eff = At = Ab = Aν = A`± = −500 GeV. The soft masses in 4D
SUSY are: m˜qL = 170 GeV, m˜
q
R = 1000 GeV for the squarks and m˜
`
L = 180 GeV, m˜
`
R = 1000 GeV for the
sleptons. For this set of parameters, the smallest mass eigenvalues obtained are: mν˜µ1 ' mν˜τ1 ' 169 GeV
for sneutrinos, mµ˜1 ' mτ˜1 ' 186 GeV for charged sleptons, mt˜1 ' 216 GeV for the stop and mb˜1 ' 179 GeV
for the sbottom quark. In RS SUSY, the effective soft masses are: m˜qL|eff = 275 GeV, m˜qR|eff = 1000 GeV,
m˜`L|eff = 105 GeV, m˜`R|eff = 1000 GeV leading to mν˜µ1 ' mν˜τ1 ' 135 GeV, mµ˜1 ' mτ˜1 ' 154 GeV and
mt˜1 ' mb˜1 ' 218 GeV while the 5D parameters are cq˜L = cq˜R = 0.2 for squarks and c˜`L = c˜`R = −0.5 for
sleptons (for all flavors).
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In Fig.(16), we show the branching ratios for the main decay channels of the H boson as a function of
its mass for a given set of parameters. Both 4D and 5D SUSY scenarios are represented. The tree level
Higgs mass mH (like mh and the neutral Higgs mixing angle α) depends on the parameter tanβ and on
mA (pseudo-scalar mass) which has been varied (above ∼ 200 GeV) to span the mH interval in Fig.(16).
The modifications of radiative corrections due to heavy KK modes are expected to raise Higgs masses by
an amount of at most O(10) GeV [33] so that Fig.(16) would not be significantly affected by those. The
heavy Higgs mass and tanβ ranges considered in Fig.(16) and in the following Higgs branching ratio plots,
namely mH ∈ [200, 1000] GeV and tanβ ∈ [6, 30] [109], are clearly in agreement with the several constraints
coming from direct charged/neutral Higgs boson searches at LEP [31] or Tevatron Run II [76] within a
SUSY framework. The modifications of these constraints due to KK mode effects should not be significant
here for MKK & 3 TeV (c.f. Section II A).
For the sake of convenience, in this section, we only write the sets of parameter values in the captions
of Higgs branching ratio plots. But let us give here some general comments about these sets chosen in
the plots. First, the branching ratios are shown for either positive or negative values of the A (or A|eff )
and µ (or µeff ) terms as these signs do not affect the main ratio behaviors. Secondly, all the superpartner
mass eigenvalues considered respect their last conservative/combined experimental lower limits derived from
direct SUSY searches at colliders [32, 76] [110] some of which we quote here for comparison: mχ˜01 > 120 GeV,
mχ˜02 > 116 GeV, mχ˜±1
> 164 GeV, mν˜1 > 120 GeV, m˜`1 > 107 GeV, mt˜1 > 95 GeV and mb˜1 > 89 GeV. In
order to compare the Higgs couplings via its branching ratios, we have chosen the parameters so that the
superpartner mass eigenvalues are approximately identical in the 4D and 5D pMSSM (KK corrections might
be up to a few percents and are irrelevant in this analysis); this is also motivated by the present philosophy
of developing tests of discrimination between the two SUSY scenarios (4D versus 5D) for a situation where
light SUSY particles would have been discovered [and thus their masses at least approximately estimated].
Note also that the lightest neutralino is systematically the LSP in our choices of parameters so that χ˜01
represents the potential candidate for dark matter as in usual 4D SUSY theories. In order to minimize
the corrections to EW observables, we have further imposed At = Ab, Aν = A`, m˜
u
L/R = m˜
d
L/R for soft
squark masses and m˜νL = m˜
e
L for the slepton ones (in the RS case as well). Finally, the sfermion mass
matrices as well as soft trilinear scalar couplings are taken universal for all families and diagonal in the
flavor basis (which guarantees the absence of FCNC at tree level) as motivated by the SUSY flavor problem.
Note that these hypotheses imply the absence of flavor mixing in the scalar sector which allows a better
identification of the smuon and stop studied in Sections III B and III D. We also assume that all phases in
the soft SUSY breaking potential are zero to eliminate all new sources of CP-violation. Those assumptions
are characteristic of the pMSSM [40].
For simplifying the discussion on this first Fig.(16), we have chosen large effective TeV-brane soft masses
m˜q,`R , m˜
q,`
R |eff so that the heaviest sfermion mass eigenvalues become large enough to close the associated
channels H → f˜1f˜2, f˜2f˜2. We see on Fig.(16) that starting from a 4D SUSY regime where the W± boson,
top quark and lightest neutral Higgs channels are dominant (the top dominance is due, in particular, to
the low tanβ regime increasing the top-Higgs coupling), and then moving to the RS case with small c˜`
L/R
values, the slepton channel is globally increased and even becomes dominant at intermediate mH values.
43
This slepton channel has a width decreasing with the third power of the H mass which explains its branching
behavior on the plot. The first reason for having larger slepton branching ratios in that RS case is that the
slepton-Higgs couplings are favored by the large wave function overlaps between sleptons and the localized
Higgs boson induced by the small c˜`
L/R
values taken. The other reason, of same kind, is the choice of large
cq˜L/R reducing the squark overlaps with Higgs bosons relatively to the 4D SUSY case. Indeed, one can
clearly observe, by comparing the two plots of Fig.(16), the decrease of the branching ratio B(H → ¯˜qq˜) in
RS which leads to an increase of B(H → ¯˜`˜`).
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FIG. 17: Branching ratios of the H boson decays as a function of its mass mH (in GeV) within pure SUSY
[left] and RS SUSY [right]. The types of final states are indicated directly on the plot; all kinematically
allowed channels for neutralinos (among ¯˜χ0i χ˜
0
j , with i, j = {1, 2, 3, 4}), charginos (among χ˜±k χ˜∓l , with k, l =
{1, 2}) and squarks/sleptons are summed, as in Fig.(16). The values for the gaugino sector parameters
are: µ = µeff = 300 GeV, tanβ = 6, M1 = 600 GeV and M2 = 190 GeV leading to mχ˜01 ' 163 GeV,
mχ˜02 ' 305 GeV and mχ˜±1 ' 164 GeV. The other common parameters are At|eff = At = Ab = −200 GeV
and Aν |eff = Aν = A`± = −300 GeV. The soft masses in 4D SUSY are: m˜qL = 210 GeV, m˜qR = 220 GeV
and m˜`L/R = 180 GeV which give rise to mν˜µ1 ' mν˜τ1 ' 169 GeV, mµ˜1 ' mτ˜1 ' 175 GeV, mt˜1 ' 175 GeV
and mb˜1 ' 206 GeV. In RS SUSY, the effective soft masses are: m˜
q
L|eff = 500 GeV, m˜qR|eff = 260 GeV,
m˜`L|eff = 125 GeV and m˜`R|eff = 1000 GeV giving mν˜µ1 ' mν˜τ1 ' 165 GeV, mµ˜1 ' mτ˜1 ' 171 GeV,
mt˜1 ' 171 GeV and mb˜1 ' 229 GeV while the 5D parameters are cq˜L = cb˜R = 0, ct˜R = 0.3 and c˜`L/R = −0.5.
We now present in Fig.(17) the branching ratios for the main decay channels of the H boson as a
function of mH for another set of parameters [specified in the caption]. The soft masses m˜
q
R, in particular,
are smaller than in the previous figure so that the stop masses are smaller and channels into the heaviest
state q˜2 open up, leading to a dominant squark channel at intermediate mH in the 4D SUSY case. The M1,2
parameters are also typically lower than in Fig.(16), so that channels into charginos open up and neutralino
channels have larger phase space factors, which modifies the branching profiles rendering in particular the
various gaugino channels dominant above mH ' 800 GeV in 4D SUSY. We see as well on Fig.(17) that
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compared to this new 4D SUSY regime with alternatively dominant squark and bottom channels, in RS the
slepton channel rates can again be greatly enhanced (and still become dominant at intermediate mH) for
small enough c˜`
L/R
values increasing the slepton-Higgs couplings. This enhancement of B(H → ¯˜`˜`) is also
correlated with the large cq˜L/R values allowing to have small squark-Higgs couplings relatively to 4D SUSY,
and in turn to have small amounts of B(H → ¯˜qq˜). We note from the RS plot that B(H → ¯˜`˜`) reaches values
a bit smaller than ∼ 50% whereas it was above ∼ 60% in Fig.(16), which is due to the m˜`L|eff value taken
larger here.
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FIG. 18: Branching ratios for the H boson decays as a function of mH (in GeV) within pure SUSY [left]
and RS SUSY [right]. The types of final states are indicated directly on the plot; all kinematically allowed
channels for neutralinos, charginos and squarks/sleptons are summed, as in previous figures. The values
for the gaugino sector parameters are: µ = µeff = 170 GeV, tanβ = 30, M1 = M2 = 500 GeV leading
to mχ˜01 ' 157 GeV, mχ˜02 ' 176 GeV and mχ˜±1 ' 164 GeV. The trilinear couplings read as At|eff = At =
Ab = −Aν = −A`± = −500 GeV. The 4D soft masses are: m˜qL = 170 GeV, m˜qR = 500 GeV, m˜`L = 180 GeV
and m˜`R = 500 GeV which give mν˜µ1 ' mν˜τ1 ' 168 GeV, mµ˜1 ' mτ˜1 ' 185 GeV, mt˜1 ' 160 GeV and
mb˜1 ' 177 GeV. In RS SUSY, the effective soft masses are: m˜
q
L|eff = 275 GeV, m˜qR|eff = 1000 GeV,
m˜`L|eff = 130 GeV and m˜`R|eff = 500 GeV giving mν˜µ1 ' mν˜τ1 ' 172 GeV, mµ˜1 ' mτ˜1 ' 165 GeV and
mt˜1 ' mb˜1 ' 219 GeV while the 5D parameters are cq˜L/R = 0.2 and c˜`L/R = −0.5.
We present in Fig.(18) the branching ratios for the main H decay channels as a function of mH in the high
tanβ regime. We see on this figure that starting from such a 4D SUSY regime where the bottom channel
is extremely dominant and going to the RS case, the Higgs-to-slepton branching ratio is largely enhanced –
once again due to the small c˜`
L/R
values – reaching significant levels around 20% and even dominantly at
∼ 40% for a large mH (thanks to the H → ¯˜`1 ˜`2 opening). This B(H → ¯˜`˜`) enhancement is also due to the
large cq˜L/R values which tend to suppress B(H → ¯˜qq˜) relatively to the 4D SUSY configuration. The reasons
why the H decay width into sleptons cannot be comparable in size to the one for bottom quark final states,
at mH . 800 GeV in RS, are the large tanβ, phase space and color factor.
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FIG. 19: Branching ratios for the H boson decays as a function of mH (in GeV) within pure SUSY [left]
and RS SUSY [right]. The types of final states are indicated directly on the plot. The parameters in the
higgsino/gaugino sector, the scalar trilinear couplings and the soft masses in 4D SUSY are the same as in
Fig.(17) so that the left plot here is identical to the left plot of Fig.(17). In RS SUSY, the effective soft
masses are: m˜qL|eff = 500 GeV, m˜qR|eff = 250 GeV, m˜`L|eff = 1000 GeV and m˜`R|eff = 800 GeV giving
mν˜µ1 ' mν˜τ1 ' 197 GeV, mµ˜1 ' mτ˜1 ' 169 GeV, mt˜1 ' 165 GeV and mb˜1 ' 219 GeV while the 5D
parameters are cq˜L = cb˜R = 0, ct˜R = 0.3 and c˜`L/R = +0.49.
Of course in the different configuration of relatively high c˜`
L/R
values, the slepton-Higgs couplings, and
in turn the associated Higgs channels, are not significantly increased with respect to the 4D pMSSM, as
illustrated in Fig.(19) in a low tanβ example; note that in the RS case the sneutrino channel opens up at a
larger mH due to sneutrinos being a bit heavier than in the 4D case. The main difference between the two
plots of Fig.(19) is the decrease of the squark channel in RS due to still quite large cq˜L/R parameters (for
smaller cq˜L/R one would recover branching profiles similar to those in 4D SUSY). This leads in particular to
an increase of B(H → χ˜±χ˜∓, ¯˜χ0χ˜0). Finally, for a better understanding of Fig.(19), we remark that in RS
the slepton masses are mainly generated through large TeV-brane soft masses (reduced to the EWSB scale
by wave function overlap factors) since the masses induced by Yukawa-type couplings to the Higgs VEV are
suppressed by the present high c˜`
L/R
values. For comparison, within 4D SUSY, the soft masses in Fig.(19)
are smaller (roughly at the EWSB scale) since those are not suppressed by overlap factors, while the masses
induced by Yukawa coupling constants are negligible due to the tiny lepton masses.
Let us summarize this part on Higgs decays and conclude. In order to maximize the H couplings to
sleptons in 4D SUSY, the A terms have been taken of the order of the TeV, and not at zero. The slepton
masses have also been taken close to their lower experimental limits to maximize the branching ratios
of the slepton channel in 4D SUSY. However we have found that even in these optimal cases the slepton
channel branchings cannot reach amounts above ∼ 5% (in agreement with Ref. [31]) while important slepton
branchings can arise in RS – where B(H → ¯˜`˜`) can reach up to ∼ 60% (even larger ratios are accessible
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for instance by decreasing again c˜`
L/R
w.r.t. present values, or by introducing a Right-handed (s)neutrino).
Besides, the other way to try to increase the slepton channel branching ratio in 4D SUSY is to decrease the
other branching ratios: for that purpose, we have explored – keeping trilinear couplings at the TeV scale – the
main typical domains of 4D SUSY (breaking) parameter space characterized by different types of dominant
H decay channels. The conclusion was still that the slepton channel rate can never be as important as it can
be in RS. Furthermore, the case of a dominant slepton channel can occur in RS (see e.g. Fig.(17)) whereas
it is impossible in 4D SUSY. This is due to the fact that in 4D SUSY slepton-Higgs couplings are severely
constrained by the small Yukawa coupling constants of SM leptons. Therefore the experimental observation
of either a dominant slepton channel or a slepton channel with say e.g. B(H → ¯˜`˜`) ' 50% would exclude
the 4D pMSSM and indicate the possible existence of a warped version of the pMSSM. Such a potential
test should in principle be doable at colliders; a four-momentum reconstruction of slepton cascade decays
based on measured slepton masses could allow to identify the decay channel H → ¯˜`˜` which is necessary to
estimate its branching ratio – or (it would be sufficient here) a lower bound on this ratio. This kinematics
approach being experimentally challenging, one could also use the clean leptonic event topology to identify
the slepton channel. Indeed, the decay H → ¯˜`˜` would lead to final states with an higher lepton multiplicity
due to the decay ˜`→ `χ˜0i (recall that χ˜01 is the LSP).
D. Stop pair production at ILC
In this part we consider the particularly clean environment of the future leptonic collider, the ILC, and
we focus on the squark pair production which only occurs through s-channel exchanges. In 4D SUSY,
as is well-known, the stop can be specially light due to its large Left-Right mass mixing terms favored by
strong Yukawa coupling constants. We will first provide the theoretical tools needed for computing the more
general cross section of the sfermion pair production through neutral SM gauge boson exchanges, namely
e+e− → f˜if˜ j (i, j = {1, 2} labeling the mass eigenstates), in the 4D pMSSM. Then, after a discussion on
the KK squark mixing effects, we will analyze numerically the obtained cross sections in the two RS SUSY
breaking frameworks discussed previously (see the discussion on Fig.(13)): with and without brane soft
terms. Note that we concentrate here on the stop t˜1,2 states and do not specify the structure of the sector
made of the first generations of sfermions.
Formal cross section
Let us describe the cross section for the reaction e+e− → f˜if˜ j [i, j = {1, 2}] proceeding via the exchanges
of the EW neutral gauge bosons – photon (γ) and Z boson – in the s-channel. For polarized electron and
positron beams, this cross section has the following form at tree level (it can be found with more details in
Ref. [81])
σ(e+e− → f˜if˜ j) =
piα2κ3ij
s4
(
(Qfe.m.)
2δij(1− P−P+)− Q
f
e.m.cijδij
2c2W s
2
W
[
ve(1− P−P+)− ae(P− − P+)
]
DγZ
+
c2ij
16s4W c
4
W
[
(v2e + a
2
e)(1− P−P+)− 2aeve(P− − P+)
]
DZZ
)
(71)
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where sW ≡ sin θW , cW ≡ cos θW , ve = 4s2W − 1 and ae = −1 are the vector and axial-vector couplings of
the electron to the Z boson whereas Qfe.m. is the electric charge of the sfermion supersymmetric partner:
f . P± denote the degree of polarization of the e± beams, with the convention P± = −1, 0, +1 for the
Left-polarized, unpolarized, Right-polarized e± beams, respectively (e.g. P− = −0.9 means that 90% of the
electrons are Left-polarized and the rest is unpolarized). cij is the Zf˜if˜ j coupling matrix (up to a factor
1/cW ):
cij =
 If3L cos2 θf˜ −Qfe.m.s2W − 12If3L sin 2θf˜
− 12If3L sin 2θf˜ If3L sin2 θf˜ −Qfe.m.s2W
 (72)
where θf˜ is the sfermion mixing angle defined by
f˜1 ≡ cos θf˜ f˜L + sin θf˜ f˜R , f˜2 ≡ cos θf˜ f˜R − sin θf˜ f˜L . (73)
In the 4D pMSSM, this mixing angle is calculated from the diagonalization of the pMSSM stop mass
matrix previously given in Eq.(64). In the RS SUSY setup, it is obtained from the mass matrix derived in
Eq.(46) [possibly including mixings with KK modes]. Finally, in Eq.(71),
√
s is the center-of-mass energy,
κij = [(s−m2f˜i −m
2
f˜j
)2 − 4m2
f˜i
m2
f˜j
]1/2 and
DZZ =
s2
(s−m2Z)2 + Γ2Zm2Z
, DγZ =
s(s−m2Z)
(s−m2Z)2 + Γ2Zm2Z
, (74)
ΓZ = 2.4952± 0.0023 GeV [32] being the full decay width of the Z boson.
On the difficulty to distinguish 4D and RS SUSY in custodial realizations
In our previous studies of Sections III B and III C, the KK sfermion mixing effects were sub-leading
relatively to the studied structural effects on scalar masses/couplings. In the RS realization with a gauge
custodial symmetry in the bulk, having specific BC KK states (the so-called ‘custodians’) with theoretically
possible low masses in the particle spectrum [111], there is a priori a hope that KK mixings bring other
potential signatures of the warped SUSY version. In this section we thus study the RS version with an
implementation of the SU(2)L × SU(2)R ×U(1)X gauge custodial symmetry in the bulk (introduced in Sec-
tion II A). The custodians are the new fermions – without zero-modes – filling the SU(2)R representations
to which matter (MS)SM (super)fields are promoted. Being in a SUSY context, we thus have to embed the
custodians into superfields which leads to the theoretical prediction of the existence of custodian superpart-
ners: let us call them the ‘scustodians’ (those are scalar fields). Since we do not consider a SUSY breaking a`
la Scherk-Schwarz, the custodians and their associated scustodians possess the same BC and hence identical
5D profiles and KK mass spectra. For instance, in complement to the stop squark states t˜L/R and to a pos-
sible t′ custodian (with same electric charge as the SM top quark t of which it can be an SU(2)R partner),
we would now have associated scustodians that we note t˜′L/R. In RS, it is known that the mixing – induced
by the localized Higgs VEV – of the t quark with e.g. a t′ partner is favored since the 5D ct parameter,
expected to be rather small for this third generation, tends to decrease the t′ mass m(1)(−+)(ct) [112] and thus
to make it closer to mt. The t-t
′ mixing is expected to be larger than the t-t(1) mixing [not characteristic
of the bulk gauge custodial realization] cause m
(1)
(−+) can be significantly smaller than t
(1) masses (= masses
48
of the first KK excitation of SM top quarks which have (++) BC) being above ∼ 3 TeV typically from EW
precision constraints. More generally, the small cb,t parameters of the third quark generation (b and t) tend
to increase the b and t wave function overlaps with the TeV-brane where is the Higgs, a feature which also
favors the t-t′ or b-b′ mixing. One may expect similar effects in the third generation squark sector (in virtue
of the same 5D profiles and KK masses) giving rise possibly to a significant mixing between the stop squarks
t˜L/R and some light scustodians t˜
′
L/R [113]. In our SUSY breaking scenario where ct˜ 6= ct, the ct˜ parameter
would be related to the stop mass only (no more to the precisely-known top quark mass), a freedom that
could even reinforce the t˜-t˜′ mixing. This mixing can affect the Zt˜t˜ coupling since the Z charge of the t˜′,
Qt˜
′
Z , can be different from the t˜ one, Q
t˜
Z (it is not the case for the photon and gluon couplings). Studying
the stop pair production via the Z exchange is more appropriate at ILC since the stop pair production is
dominated by the gluon exchange at LHC. The reaction e+e− → t˜it˜j has also the interest to not involve the
W boson neither gaugino contributions.
However, this task of generating significant corrections to the Zt˜t˜ vertex, through t˜-t˜′ mixings and a
large difference Qt˜
′
Z-Q
t˜
Z , has revealed itself to be quite difficult to realize for the two following reasons. First,
strong theoretical constraints hold on the choices of group representations and hence on the Z charge of the
t˜′, Qt˜
′
Z = I
t˜′
3L − (2/3)s2W , due to the gauge structure of Yukawa couplings which has to be invariant under
the SU(2)L × SU(2)R ×U(1)X symmetry (and also allowed by the orbifold symmetry). For example, scalar
couplings between t˜ (Left or Right) and some t˜′ scustodians can only be realized for scustodians with an
SU(2)L isospin equal to I
tL/R
3L ± 1/2. Having so, their Qt˜
′
Z cannot be very different from Q
tL/R
Z = Q
t˜L/R
Z .
Secondly, another (related) origin of suppression in the variation of Q
t˜L/R
Z is the compensation between
various scustodians, e.g. between effects from a t˜ − t˜′ mixing (with Qt˜′Z = QtZ + 1/2) and a t˜ − t˜′′ mixing
(with Qt˜
′′
Z = Q
t
Z − 1/2). Moreover, the dominant mixing between the t˜L and t˜R states tends to reduce the
mixing effect of scustodians.
Based on an exploration of the parameter space and models, we have found numerically that even for optimal
group representations and scustodian masses set at ∼ 102 GeV [114], the deviations δσth induced by the
scustodian mixings on the cross section σ(e+e− → t˜it˜j) in 4D SUSY cannot be significant in regard to the
experimental precision on this cross section measurement one can reasonably expect at ILC: δσexp ∼ 5%
[81] (∼ 1% at most [82]). Hence we must conclude that testing 4D SUSY against RS SUSY, by measuring
precisely the cross section σ(e+e− → t˜it˜j), is not realistic.
Since the RS SUSY signature of KK stop (partner) mixing effects on the t˜it˜j production is too difficult,
one could think of studying off-shell exchanges or mixing effects of KK gauge bosons [115] but then the
simpler fermion production, like the top pair production, would probably be more fruitful to consider as no
supersymmetric cascade decays should be reconstructed there. Nevertheless, it has already been shown that
detecting a resonance tail [our work hypothesis being that no KK (gauge boson) states have been produced
on-shell] of KK gluon in tt¯ production at LHC appears to be challenging due to small realistic cross sections
[84] (see Ref. [85] for other KK gauge bosons). The indirect effects of such virtual KK mode exchanges in tt¯
production at ILC are more promising [86] but would be polluted by the SUSY background (t˜¯˜t production
followed by t˜→ tχ˜01, tt¯ at loop level,. . . ).
49
Discriminating between RS versions: bulk versus brane SUSY breaking
In our framework with tree level SUSY breaking squark/slepton masses and trilinear A couplings, where
we do not specify the mechanism at the origin of SUSY breaking (our phenomenological approach is more
‘bottom-up’ like), we will show that the stop pair production at ILC can be studied in order to differentiate
between different variants of RS SUSY: the scenarios with or without soft scalar mass and trilinear A terms
on the TeV-brane.
The KK (s)fermion mixings cannot be significant in the stop pair production – the scustodian mixing is
irrelevant (as shown in previous subsection) and a fortiori the same conclusion holds for usual KK stops –
so that such effects are not considered in this part. The heavy (at least at ∼ 3 TeV) KK gauge boson effects
are also neglected in favor of the studied low-energy structural effects in scenarios with/without brane soft
mass terms.
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FIG. 20: Cross section for the reaction e+e− → t˜1t˜1 (in fb), at a center-of-mass energy
√
s = 500 GeV
and with the polarizations P± (see Eq.(71)) indicated on the plot, as a function of mt˜1 (in GeV) within
the 4D pMSSM [left plot], RS pMSSM without brane soft terms [middle] and RS pMSSM with brane soft
terms [right]. All points presented here are obtained from a scan inside the ranges given on the plots for
the parameters cL/R = ct˜L/R , tanβ, µ (and µeff in RS), the soft stop masses m˜L/R (and brane masses
m˜L/R|eff ) and the soft trilinear coupling At (and brane coupling At|eff ). The limiting thick blue lines
correspond to the analytically obtained cross sections for an extremal Zt˜1t˜1 coupling: c11 = Q
tR
Z [lower
limit] and c11 = Q
tL
Z [upper limit].
In Fig.(20) we present the cross sections for the reaction e+e− → t˜1t˜1 as a function of the lightest stop
mass mt˜1 within the 4D pMSSM and RS pMSSM with(out) soft terms [i.e. stop masses and trilinear cou-
pling] on the TeV-brane.
Those results are derived from scans on the parameters ct˜L/R , tanβ, µ (or µeff [see Eq.(22)]), m˜L/R
(m˜L/R|eff = (m˜L/Rk)1/2e−kpiRc in RS SUSY) and At (or At|eff = Atke−kpiRc). As before, the allowed
ranges in our scan for each parameter are tanβ ∈ [2; 50], µ, µeff ∈ [100; 1000] GeV, ct˜L/R ∈ [−1, 1],
m˜L/R, m˜L/R|eff ∈ [0; 1000] GeV and At, At|eff ∈ [0; 1000] GeV. The experimental constraint on the stop
mass, mt˜1 > 95.7 GeV [32, 76], is respected on the plots. Once again, the signs of At (At|eff ) and µ (µeff )
do not affect the present analysis.
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The scanned points on the three plots of this figure never cross the drawn lines. The reason is that these
lower and upper lines, obtained analytically, correspond respectively to the cross sections for the extremal
Zt˜1t˜1 couplings c11 = Q
tR
Z and c11 = Q
tL
Z associated to cos θt˜ = 0 and cos θt˜ = 1, as shown in Eq.(72). We
also observe that the obtained regions in the plots end up at the kinematic limit as expected.
Finally, Fig.(20) was obtained at a center-of-mass energy,
√
s = 500 GeV, and for some polarizations of the
two beams, P± = ±0.6, which are realistic for an ILC prospect. Changing these experimental inputs,
√
s
and P±, changes the production amplitudes as well as kinematic limits but these inputs do not affect the
main shape of the obtained scans and are thus not really relevant for our study. This can be observed by
comparing Fig.(20) with Fig.(21) where the same scans have been done for
√
s = 800 GeV and P± = ±0.9.
One can thus freely adjust the center-of-mass energy and beam polarizations to get an optimal ratio of signal
over backgrounds.
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FIG. 21: Same as in Fig.(20) for
√
s = 800 GeV and P± = ±0.9.
Now that we have described the way Fig.(20) and Fig.(21) were obtained, we can compare the three
plots of say Fig.(20). The first conclusion is that the whole shapes of the scans within the 4D and 5D SUSY
frameworks do not offer distinctive features (typically in both cases the entire domain in-between the upper
and lower analytical limits can be filled), forbidding thus to develop a new test of discrimination between
these two SUSY realizations.
Comparing the middle and right plots of Fig.(20), we observe that in the case without brane soft terms only
cross section values roughly in the higher half of the theoretically allowed region are reached. This means
that the relevant Z charge c11 of the t˜1 squark [c.f. Eq.(72)] is close to Q
tL
Z (c11 = Q
tL
Z corresponds to the
upper limit in scans) and hence that t˜1 is never too far from being mainly composed by the t˜L state i.e.
cos θt˜ is constrained (depending on mt˜1) to be relatively close to unity accordingly to Eq.(73). This result
has to be enlightened with the previously explained upper bound (depending on mt˜1) on the highest stop
mass eigenvalue mt˜2 exhibited in Fig.(13) [left plot] in the absence of brane soft terms. The presence of an
upper bound on mt˜2 reflects the existence of an upper limit on the amplitude of mixing between the two
t˜L and t˜R squark states. More formally, the mixing angle θt˜ ∈ [0, pi/2] in the 4D pMSSM [see Eq.(73)] is
constrained to a smaller range [0, θRS ] (with θRS < pi/2) in the warped pMSSM without brane soft terms.
So we recover the conclusion from the middle plot of Fig.(20). Starting from the case of the middle plot of
Fig.(20) and adding in particular a soft trilinear stop coupling on the TeV-brane has the virtue to enlarge the
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mixing between t˜L and t˜R after EWSB. Doing so, the scanned points now fill the whole allowed theoretical
region as can be seen on the right plot of Fig.(20).
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FIG. 22: Cross section for the reaction e+e− → t˜2t˜2 (in fb), at a center-of-mass energy
√
s = 500 GeV
and with the polarizations P± indicated on the plot, as a function of mt˜2 (in GeV) within the 4D pMSSM
[left plot], RS pMSSM without brane soft terms [middle] and RS pMSSM with brane soft terms [right].
All points presented here are obtained from a scan inside the ranges given on the plots for the parameters
cL/R = ct˜L/R , tanβ, µ (and µeff in RS), the soft stop masses m˜L/R (and brane masses m˜L/R|eff ) and
the soft trilinear coupling At (and brane coupling At|eff ). The limiting thick blue lines correspond to the
analytically obtained cross sections for an extremal Zt˜2t˜2 coupling: c22 = Q
tR
Z [lower limit] and c22 = Q
tL
Z
[upper limit].
In Fig.(22), we further illustrate the e+e− → t˜2t˜2 reaction as a function of mt˜2 , with
√
s = 500 GeV.
The scanned points on plots never cross the drawn lines corresponding respectively to the cross sections for
the extremal Zt˜2t˜2 couplings c22 = Q
tR
Z and c22 = Q
tL
Z associated to cos θt˜ = 1 and cos θt˜ = 0 (see Eq.(72)).
We observe that in the 4D pMSSM case [left plot], there is a theoretical lower limit on mt˜2 around mt as
we have already described when discussing Fig.(13) and Fig.(14) [see also Eq.(69)].
In the middle plot of Fig.(22), without brane soft terms, only cross section values in a lower part of the
theoretical region are reached that is to say that the relevant Z charge c22 of the t˜2 squark [c.f. Eq.(72)] is
close to QtRZ (c22 = Q
tR
Z corresponds to the lower limit in the scan) and thus that t˜2 is never too far from
being mainly composed by the t˜R state. This is consistent with the analysis of the middle plot of Fig.(20)
which has revealed that t˜1 is never too far from being mainly composed by the t˜R.
In Fig.(23), we finally illustrate the e+e− → t˜1t˜2 reaction as a function of mt˜2 , with
√
s = 800 GeV.
Now the scanned points on plots never cross the line corresponding to the cross section for the extremal
Zt˜1t˜2 coupling c12 = −(1/2) × It3L = −1/4 [unique line drawn on the three plots] associated to sin 2θt˜ = 1
(see Eq.(72)).
In the middle plot of Fig.(23), without brane soft terms, the reason why the cross section values never reach
the analytical line at c12 = −1/4 is that sin 2θt˜ never reaches the unity. Indeed, we have seen that, in the
warped pMSSM without brane soft terms the mixing angle θt˜ is constrained from above.
For instance, a measurement of the cross section σ(e+e− → t˜1t˜1) and mass mt˜1 at ILC could allow
to distinguish between the two RS scenarios of SUSY breaking. Indeed, the case where the experimental
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FIG. 23: Cross section for the reaction e+e− → t˜1t˜2 (in fb) at a center-of-mass energy
√
s = 800 GeV as a
function of mt˜2 (in GeV) within the 4D pMSSM [left plot], RS pMSSM without brane soft terms [middle]
and RS pMSSM with brane soft terms [right]. All points presented here are obtained from a scan inside the
ranges given on the plots for the parameters cL/R = ct˜L/R , tanβ, µ (and µeff in RS), the soft stop masses
m˜L/R (and brane masses m˜L/R|eff ) and the soft trilinear coupling At (and brane coupling At|eff ). The
limiting thick blue line corresponds to the analytically obtained cross section for an extremal Zt˜1t˜2 coupling:
c12 = −(1/2)× It3L = −1/4.
values of σ(e+e− → t˜1t˜1) and mt˜1 would fall outside the theoretically predicted domain in the middle plot of
Fig.(20) would exclude the scenario without soft scalar mass and trilinear A terms on the TeV-brane. Such
measurements would be compatible with the other RS version (presence of brane soft terms) if they belong
to the theoretical region in the right plot of Fig.(20) [otherwise these experimental data would conflict both
with 4D and 5D SUSY].
The same kind of test could be investigated with measurements of σ(e+e− → t˜2t˜2) and mt˜2 [see Fig.(22)]
or by reconstructing σ(e+e− → t˜1t˜2) and e.g. mt˜2 [see Fig.(23)]. It is interesting to note that performing
the three above tests together at ILC could even lead to correlated indications for the RS model with brane
soft terms.
Such tests are possible if the predicted theoretical regions have fixed conservative limits. Now we have seen
when discussing Fig.(13) that the theoretical region was limited (from above) by the minimal ct˜L/R values.
It is thus [see above discussion] the case also for the theoretical domains obtained in the middle plots of
Fig.(20), Fig.(21), Fig.(22) and Fig.(23) – not speaking about the absolute limits (blue lines) induced by
the extremal Z couplings. However, in the case of a bulk gauge custodial symmetry, one should impose
typically ct˜L/R & −0.5 [47] to avoid the existence of too light scustodians which would have been observed
at colliders. There would thus be fixed limits to the theoretically allowed domains. By the way the above
constraint, more strict than the one we have imposed: ct˜L/R > −1, would lead to even more restricted area
of spread scanned points. Furthermore, some information (and hence constraints) can be obtained on the
ct˜L/R parameters from stop mass related measurements.
Concerning the experimental feasibility of such tests, a reasonable precision expected at ILC for the
σ(e+e− → t˜it˜j) measurement is δσexp ∼ 5% [81] (∼ 1% at most [82]) while it was shown in Ref. [83]
that mt˜-reconstructions at ILC with an accuracy around one percent can be obtained using 20 fb
−1 of data.
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The exact uncertainties reachable at ILC depend on the methods used and SUSY (breaking) parameters.
Stating on the above uncertainties at the percent level is realistic and sufficient for the realizations of the
proposed tests, given the large sizes of theoretically forbidden regions in the middle plots of Fig.(20)-(23).
IV. CONCLUSION
If the fundamental theory of nature is of string theory kind, the effective low-energy model manifesting
itself at present and future particle colliders would probably be an higher-dimensional SUSY model. In
this paper, we have studied the theory and phenomenology of such models entering the class of particularly
well-motivated frameworks with a warped space-time.
First, we have derived in a consistent analytical way, within the realistic 5D pMSSM context, the effective
4D Lagrangian for the brane-Higgs interactions as well as the complete sfermion mass matrices (illustrating
explicitly the example of the stop quark) induced partially by such interactions.
Those theoretical investigations have provided us with the necessary tools to perform concrete
phenomenological studies of the RS SUSY models. In this respect, we have first demonstrated that the
cancellation of quadratic divergences in the one-loop corrections to the Higgs mass is deeply related to the
5D anomaly cancellation (similarly to 4D). We have also found that the quadratic divergence cancellation
occurs for any 5D cut-off, which means possibly for a ‘truncated’ 5D SUSY theory (as it must be due to its
non-renormalizable aspect). In these loop calculations, the accent was also put on the justification of the
infinite KK summation required in the KK regularization which has open up a rich debate in the literature
a decade ago. Possible perspectives are the extensions of these calculations to the sfermion masses.
Concerning collider physics, we have tried to answer a crucial question: in the hypothetical situation where
some superpartners were discovered whereas all KK modes were outside the reach of direct detection (at
LHC and/or ILC), how one could distinguish experimentally between a pure 4D SUSY scenario and a
warped 5D SUSY model ? In particular, the virtual effects of KK gluon excitations on the stop pair
production at LHC might certainly be at least as tricky to detect as the similar effects for the top pair
final state [84]. We have developed series of tests that could be more clear or at least complementary. For
instance, we have shown that the heaviest stop eigenstate can reach lower mass values in RS SUSY than
in 4D SUSY. Other clear 4D/5D SUSY differences, that may be used for data-based discriminations, are
those arising from the slepton mass sector of mSUGRA scenarios where larger mass splittings can occur
in 5D setups. Finally, in the same philosophy applied to the SUSY Higgs sector, it has been shown in
particular that branching ratios of H decay channels into sleptons can reach dominant levels in the RS
pMSSM, a feature absent of the conventional 4D SUSY models. In the future, it will be interesting to
explore a related direction: the search at hadron colliders for the SM Higgs boson – or the lightest neutral
4D SUSY Higgs field h – could be affected by new significant contributions to the gluon-fusion mechanism
induced by 5D effects [if not too much constrained by present experimental data], effects representing other
potential distinctive signatures of 5D SUSY scenarios.
Our phenomenological analysis was end up with the suggestion of complementary methods for pinning up
the presence of soft terms on the IR boundary using stop pair productions at ILC. This task being more
54
related to the discrimination between various RS SUSY versions.
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Appendix
Appendix A: The supersymmetric 5D Lagrangian
We consider the usual warped space-time based on the 5D metric GAB :
ds2 = GAB dx
AdxB = e−2σ(y)ηµνdxµdxν − dy2 , y ∈ [−piRc; +piRc] (A.1)
√
+G ≡
√
det[GAB ] =
√
(−1)4(e−2σ(y))4 = e−4σ(y) (A.2)
where capital latin letters A,B are 5D Lorentz indices, ηµν is the 4D flat (+,−,−,−) Minkowski metric and
xµ denote the usual coordinates (µ = 0, 1, 2, 3) while y parametrizes the fifth dimension.
A.1. Superfield content
Writing higher-dimensional SUSY Lagrangians with ordinary N = 1 4D superfields only allows to make
the N = 1 4D SUSY invariance manifest and it prevents from explicitly covariant forms. In spite of these
limitations, it allows for a more compact form than when using the component fields themselves and also to
easily get the bulk-boundary couplings. We thus adopt this formalism. This approach was first developed
for theories with 10 dimensions [87], then extended to other dimensions [88] and to incorporate the radion
superfield [25].
In this Appendix A, we derive explicitly in terms of the fields, within the RS SUSY framework with
a bulk U(1) gauge symmetry, the whole Lagrangian encoding the Yukawa and gauge couplings of the two
N = 1 5D (or N = 2 4D) bulk hypermultiplets {ΦL,Φ−−L } and {ΦcL,Φc−−L } to two N = 1 4D complex
chiral superfields localized on the TeV-brane called H0u (as it will play the role of the ‘up-type’ neutral Higgs
superfield when extending this toy model to the pMSSM) and H0d (for ‘down-type’). The N = 1 chiral
superfield ΦL [the subscript L corresponds to the chirality of the contained fermion field once promoted to
a four-component spinor: see just below [116]] with Neumann BC at y = 0, piRc (noted (++) in the main
text) reads as
ΦL(x
µ, y; θ, θ) ≡ φL(xµ, y) +
√
2θζL(x
µ, y)e−
1
2σ(y) − θθFL(xµ, y) + iθσµθ∂µφL(xµ, y)
+
i√
2
θθθσµ∂µζL(x
µ, y)e−
1
2σ(y) − 1
4
θθθθ∂µ∂
µφL(x
µ, y), (A.3)
ζL being the two-component spinorial field, φL its scalar superpartner and FL the auxiliary field, whereas
its complex conjugated develops according to
Φ(xµ, y; θ, θ) ≡ φL(xµ, y) +
√
2θζL(x
µ, y)e−
1
2σ(y) − θθFL(xµ, y)− iθσµθ∂µφL(xµ, y)
+
i√
2
θθθσµ∂µζL(x
µ, y)e−
1
2σ(y) − 1
4
θθθθ∂µ∂
µφL(x
µ, y) (A.4)
and its charge conjugated superfield with Dirichlet BC at y = 0, piRc (noted (−−)) is
Φ−−L (x
µ, y; θ, θ) ≡ φcL(xµ, y) +
√
2θχL(x
µ, y)e−
1
2σ(y) − θθF cL(xµ, y) + iθσµθ∂µφcL(xµ, y)
+
i√
2
θθθσµ∂µχL(x
µ, y)e−
1
2σ(y) − 1
4
θθθθ∂µ∂
µφcL(x
µ, y). (A.5)
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We define another superfield ΦcL through its charge conjugated state [this will allow us to introduce only
Left-handed chiral superfields, as usually in the 4D pMSSM]:
ΦcL(x
µ, y; θ, θ) ≡ φR(xµ, y) +
√
2θχR(x
µ, y)e−
1
2σ(y) − θθFR(xµ, y) + iθσµθ∂µφR(xµ, y)
+
i√
2
θθθσµ∂µχR(x
µ, y)e−
1
2σ(y) − 1
4
θθθθ∂µ∂
µφR(x
µ, y) (A.6)
and the opposite BC superfield is:
Φc−−L (x
µ, y; θ, θ) ≡ φcR(xµ, y) +
√
2θζR(x
µ, y)e−
1
2σ(y) − θθF cR(xµ, y) + iθσµθ∂µφcR(xµ, y)
+
i√
2
θθθσµ∂µζR(x
µ, y)e−
1
2σ(y) − 1
4
θθθθ∂µ∂
µφcR(x
µ, y). (A.7)
In our notations, the four-component fermions ψL/R (L/R indicating the Lorentz chirality) read in terms of
the two-component fields as
ψt ≡ (ζ, χ¯), ψtL ≡ (ζ, 0), ψc t ≡ (χ, ζ¯).
We consider a U(1) gauge symmetry whose N = 1 5D (or N = 2 4D) gauge supermultiplet is known to
have the same field content as one N = 1 vector supermultiplet with (++) BC, for which we write the
decomposition as (in the Wess-Zumino gauge)
V (xµ, y; θ, θ) ≡ θσµθAµ(xµ, y)− iθθθλ1(xµ, y)e− 32σ(y) + iθθθλ1(xµ, y)e− 32σ(y) + 1
2
θθθθD(xµ, y) (A.8)
Aµ denoting the gauge boson, λ1 the Weyl gaugino field and D the complex auxiliary field, plus one (−−)
N = 1 chiral superfield, that we write
Ω(xµ, y; θ, θ) ≡ 1√
2
[Σ(xµ, y)− iA5(xµ, y)]− i
√
2θλ2(x
µ, y)e−
1
2σ(y) − θθFΩ(xµ, y)
+iθσµθ∂µ
1√
2
[Σ(xµ, y)− iA5(xµ, y)] + 1√
2
θθθσµ∂µλ2(x
µ, y)e−
1
2σ(y)
−1
4
θθθθ∂µ∂
µ 1√
2
[Σ(xµ, y)− iA5(xµ, y)] (A.9)
Σ being a real scalar field.
A.2. Superfield action
The field content described in previous subsection A A.1 together with the following action S5D define
the toy model analyzed in this part A. This action is given by S5D = Sgauge + SHiggs
∣∣∣
brane
+ Smatter with,
following the formalism of Ref. [25],
Sgauge = 1
4
∫
d5x
∫
d2θ (WαWα + h.c.) +
∫
d5x
∫
d4θ e−2σ(y)
(
∂yV − 1√
2
(Ω + Ω)
)2
(A.10)
Smatter =
∫
d5x
∫
d4θ e−2σ(y)
(
ΦLe
−2gqLV ΦL + Φ−−L e
2gqLV Φ
−−
L + Φ
c
Le
−2gqRV ΦcL + Φ
c−−
L e
2gqRV Φ
c−−
L
)
+
∫
d5x
∫
d2θ e−3σ(y)
(
Φ−−L [D5 −
√
2gqLΩ]ΦL + Φ
c−−
L [D5 −
√
2gqRΩ]Φ
c
L
)
+ h.c. (A.11)
SHiggs
∣∣∣
brane
=
∫
d5x
∫
d4θ e−2σ(y)
(
H0ue
−(2gqH0u )VH0u +H0de
−(2gq
H0
d
)V
H0d
)
δ(y − piRc)
+
∫
d5x
∫
d2θ e−3σ(y)
(
µH0uH
0
d + YH0uΦLΦcL
)
δ(y − piRc) + h.c. (A.12)
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where g (Y) is the 5D gauge (Yukawa) coupling constant, D5 = ∂y − ( 32 − cL/R)σ′ [with σ′ = ∂yσ(y) =
sign(y)× k, sign(y) being a step function] and the U(1) charges of the superfields H0u,d, ΦL, ΦcL must obey
qH0u + qL + qR = 0, qH0u + qH0d = 0. The above cL/R terms represent 5D mass terms in the superpotential of
the superfields ΦL/Φ
c
L that will lead to 5D fermion and 5D scalar mass terms, as will appear soon. In the
above action, the fundamental parameter µ is of order k.
A.3. Auxiliary field Lagrangians
The 5D Lagrangian for the gauge auxiliary field D is given by (from now on, σ stands for σ(y)):
LD = 1
2
D2 + e−2σD (∂y − 2σ′) Σ
− ge−2σD
(
qL(φLφL − φcLφ
c
L) + qR(φRφR − φcRφ
c
R)
)
− ge−2σD
(
qH0uφH0uφH0u + qH0dφH0dφH
0
d
)
δ(y − piRc) (A.13)
φH0u and φH0d being the scalar field components of the superfields H
0
u and H
0
d , respectively.
The 5D Lagrangian for the auxiliary field FΩ is given by:
LΩ = e−2σFΩFΩ −
√
2ge−3σ ((qL φcLφL + qR φ
c
RφR)FΩ + h.c.) . (A.14)
The 5D Lagrangian for the matter auxiliary fields, namely FL, FR, F
c
L, F
c
R, is given by:
LF = e−2σ
(
FLFL + F
c
LF
c
L + FRFR + F
c
RF
c
R
)
− e−3σ (F cLD5φL − FLD′5φcL + F cRD5φR − FRD′5φcR) + h.c.
+ e−3σ2g (qL(φcLFL + F
c
LφL) + qR(φ
c
RFR + F
c
RφR)) Σ + h.c.
− e−3σY (φH0uφRFL + φH0uφLFR) δ(y − piRc) + h.c. (A.15)
where D′5 = ∂y − ( 32 + cL/R)σ′. This Lagrangian is obtained after integrating by part (for convenience).
The 5D Lagrangian for the Higgs auxiliary fields, FH0u , FH0d , is given by:
LH = e−2σ
(
FH0uFH0u + FH0dFH0d
)
δ(y − piRc)
− e−3σ
(
µFH0uφH0d + µφH0uFH0d + Y FH0uφLφR
)
δ(y − piRc) + h.c. (A.16)
A.4. Auxiliary field solutions
The solutions of the equations of motion for the auxiliary fields are the following ones,
D = −e−2σ
{
(∂y − 2σ′)Σ− g
(
qL(φLφL − φcLφ
c
L) + qR(φRφR − φcRφ
c
R)
)
−g
(
qH0uφH0uφH0u + qH0dφH0dφH0d
)
δ(y − piRc)
}
(A.17)
FΩ = −
√
2ge−σ
(
qL φ
c
LφL + qR φ
c
RφR
)
(A.18)
FL = −e−σ
(
(D′5 + gΣ)φ
c
L − Y¯δ(y − piRc)φH0uφR
)
, F
c
L = e
−σ(D5 − gΣ)φL (A.19)
FR = −e−σ
(
(D′5 + gΣ)φ
c
R − Y¯δ(y − piRc)φH0uφL
)
, F
c
R = e
−σ(D5 − gΣ)φR (A.20)
FH0u = e
−σ
(
µ¯ φH0d + Y¯ φLφR
)
, FH0d = e
−σµ¯ φH0u . (A.21)
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Plugging those back into the above Lagrangians, we get:
LD = −1
2
D2 , LΩ = −e−2σFΩFΩ (A.22)
LF = −e−2σ
(
FLFL + F
c
LF
c
L + FRFR + F
c
RF
c
R
)
(A.23)
LH = −e−2σ
(
FH0uFH0u + FH0dFH0d
)
δ(y − piRc). (A.24)
A.5. Scalar field Lagrangian
The whole 5D Lagrangian – all SUSY Lagrangians given in terms of 5D fields in this Appendix A are
provided before field redefinition through warp factors – for scalar fields, Lkin. + Lscalar with Lscalar =
LD + LΩ + LF + LH , can be rewritten in explicit forms as:
Lkin. = e−2σ∂µφ¯H0u∂µφH0uδ(y − piRc) + e−2σ∂µφ¯H0d∂
µφH0dδ(y − piRc)
+ e−2σ∂µφ¯L∂µφL + e−2σ∂µφ¯cL∂
µφcL + e
−2σ∂µφ¯R∂µφR + e−2σ∂µφ¯cR∂
µφcR, (A.25)
−
√
G
−1Lscalar = D5φLD5φL +D5φRD5φR + |µ|2 φH0uφH0u δ(y − piRc)
+
∣∣Yδ(y − piRc)φH0uφL −D′5φcR∣∣2 + ∣∣Yδ(y − piRc)φH0uφR −D′5φcL∣∣2
+
∣∣∣µφH0d + Y φLφR∣∣∣2 δ(y − piRc) + 2g2 |qL φcLφL + qR φcRφR|2
+
1
2
∣∣∣(∂y − 2σ′)Σ− g(qL∆φL + qR∆φR + [qH0dφH0dφH0d + qH0uφH0uφH0u ]δ(y − piRc))∣∣∣2
(A.26)
where e.g. ∆φR ≡ φRφR − φcRφ
c
R. By developing the |D5φ|2, |D′5φ|2 and |(∂y − 2σ′)Σ|2 terms from above,
one finds the 5D scalar masses:
m2φL/R,φcL/R
≡ (c2L/R ± cL/R −
15
4
)k2 + (
3
2
∓ cL/R)∂y(∂yσ) , m2Σ ≡ −4k2 + 2∂y(∂yσ). (A.27)
If one now develops the last two lines proportional to the g gauge coupling in the above Lagrangian, one
finds (after few simplifications):
−
√
G
−1Lscalar = D5φLD5φL +D5φRD5φR + |µ|2 φH0uφH0u δ(y − piRc)
+
∣∣Yδ(y − piRc)φH0uφL −D′5φcR∣∣2 + ∣∣Yδ(y − piRc)φH0uφR −D′5φcL∣∣2
+
∣∣∣µφH0d + Y φLφR∣∣∣2 δ(y − piRc) + 12 ∣∣Dk5Σ∣∣2
− g
(
qL(φLφL − φcLφ
c
L) + qR(φRφR − φcRφ
c
R) + δ(y − piRc)(qH0uφH0uφH0u + qH0dφH0dφH0d )
)
Dk5Σ
+
g2
2
(
q2L(|φL|4 + |φcL|4) + q2R(|φR|4 + |φcR|4) + δ2(y − piRc)(q2H0u |φH0u |
4 + q2H0d
|φH0d |
4)
)
+ g2
(
q2L|φcLφL|2 + q2R|φcRφR|2 + qH0uqH0dδ
2(y − piRc)|φH0uφH0d |
2
)
+ g2qLqR
(
|φLφR|2 − |φLφcR|2 − |φcLφR|2 + |φcLφcR|2 + 2(φcLφLφ
c
RφR + φ
c
RφRφ
c
LφL)
)
+ g2
(
qL(qH0u |φLφH0u |2 + qH0d |φLφH0d |
2) + qR(qH0u |φRφH0u |2 + qH0d |φRφH0d |
2)
)
δ(y − piRc)
(A.28)
with Dk5 = ∂y − 2σ′.
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One can also simply add the soft bilinear terms for the Higgs fields on the TeV-brane and having, as
usually in RS, soft squared Higgs masses and Bµ (Higgs mixing) scales of order k squared leads to 4D
effective soft terms with a scale at the TeV. The soft scalar trilinear A couplings are discussed in details in
the main text.
A.6. Fermion field Lagrangian
We now derive the fermionic part of the 5D Lagrangian issued from the actions in Eq.(A.10)-(A.12):
Lfermion = −e−4σ
(
χLD
′′
5 ζL + χLD
′′
5 ζL + χRD
′′
5 ζR + χRD
′′
5 ζR
)
− ie−3σ (ζLσµ∂µζL + ζRσµ∂µζR)− ie−3σ (χLσµ∂µχL + χRσµ∂µχR)
− ie−3σ
(
ζH0uσ
µ∂µζH0u + ζH0dσ
µ∂µζH0d
)
δ(y − piRc)
− e−4σ
(
λ2(∂y − 3
2
k)λ1 + λ2(∂y − 3
2
k)λ1
)
− ie−3σ (λ1σµ∂µλ¯1 + λ2σµ∂µλ¯2)
− e−4σ
(
µ ζH0uζH0d + YφH0uζLζR + YφLζH0uζR + YφRζH0uζL
)
δ(y − piRc)
− i
√
2e−4σg
(
qH0u(φH0uλ1ζH0u − φH0uζH0uλ1) + qH0d (φH0dλ1ζH0d − φH0dζH0dλ1)
)
δ(y − piRc)
− i
√
2e−4σg
(
qL(φLλ1ζL − φLζLλ1) + qR(φRλ1ζR − φRζRλ1)
)
+ i
√
2e−4σg
(
qL(φ
c
Lλ1χL − φcLχLλ1) + qR(φ
c
Rλ1χR − φcRχRλ1)
)
− i
√
2e−4σg
(
qL(φ
c
Lλ2ζL + φLχLλ2) + qR(φ
c
Rλ2ζR + φRχRλ2)
)
+ h.c. (A.29)
where D′′5 = ∂y − (2− cL/R)σ′ and ζH0u,d are the higgsino two-component spinors.
A.7. Gauge field Lagrangian
Finally, the gauge interactions encoded in the superfield actions of Eq.(A.10)-(A.12) read in terms of the
5D gauge fields as,
Lgauge = −1
4
FµνF
µν +
1
2
e−2σ∂yAµ∂yAµ +
1
2
e−2σ∂µΣ∂µΣ
+ e−2σ
(
DµφLD
µφL +Dµφ
c
LD
µφcL +DµφRD
µφR +Dµφ
c
RD
µφcR
)
− e−3σ (iζLσµDµζL + iχLσµDµχL + iζRσµDµζR + iχRσµDµχR)
+ e−2σ
(
DµφH0u
DµφH0u +DµφH0d
DµφH0d
)
δ(y − piRc)
− e−3σ
(
iζH0uσ
µDµζH0u + iζH0dσ
µDµζH0d
)
δ(y − piRc) (A.30)
where
Dµ ≡ ∂µ + igqL/RAµ / ∂µ + igqH0u,dAµ
DµφD
µφ ≡ ∂µφ¯∂µφ+ igq
(
φ∂µφ− φ∂µφ
)
Aµ + g2q2φφAµA
µ
iζσµDµζ ≡ iζσµ∂µζ − gqζσµζAµ.
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To compare with another parametrization often found in literature, one can rewrite the second term of
Eq.(A.30) in terms of the new coordinate z = e
σ(y)
k (y = 0⇔ z = 1k ≡ R and y = piRc ⇔ z = e
kpiRc
k ≡ R′):
1
2
e−2σ (∂yAµ)
2
= −1
2
Aµ
(
∂2z −
1
z
∂z
)
Aµ. (A.31)
Appendix B: Wave functions
B.1. Generic relations
Any wave function fn(y), for a nth KK state along the fifth dimension y, satisfies the orthonormalization
condition (after the usual RS field redefinition)∫ piRc
−piRc
f¯n(y)fm(y)dy = δnm, (B.1)
showing that fn(y) has dimension 1/2, and the completeness relation (see for instance Ref. [89])
∞∑
n=0
f¯n(y)fn(y
′) = δ(y − y′). (B.2)
B.2. Solutions for free vectorial fields
For the equations of motion in the warped SUSY background, the solutions for the wave functions along
the fifth dimension of the free 5D vectorial field in Eq.(A.8), with KK decomposition
Aµ(x
µ, y) =
∞∑
n=0
A(n)µ (x
µ)g++n (y),
are [2] for n ≥ 1:
g++n (y) =
1√
2piRc
eσ
Nn
[
J1
(
M (n)eσ
k
)
+ b++1 (M
(n))Y1
(
M (n)eσ
k
)]
,
b++1 (M
(n)) = − J1(M
(n)/k) + (M (n)/k)J ′1(M
(n)/k)
Y1(M (n)/k) + (M (n)/k)Y ′1(M (n)/k)
(B.3)
where σ = σ(y) = k|y|, J1, Y1 (J ′1, Y ′1) are the (differentiated) Bessel functions, M (n) = M (n)KK is the n-th
KK gauge mass and Nn is the normalization constant. Note that these wave functions are given here before
the field redefinition usually done in the RS model. The solutions for the wave functions of the associated
5D scalar field in Eq.(A.9), with KK decomposition
Σ(xµ, y) =
∞∑
n=1
Σ(n)(xµ)g−−n (y), (B.4)
are [2] for n ≥ 1:
g−−n (y) = sign(y)
1√
2piRc
e2σ
Nn
[
J0
(
M (n)eσ
k
)
+ b−−0 (M
(n))Y0
(
M (n)eσ
k
)]
,
b−−0 (M
(n)) = −J0(M
(n)/k)
Y0(M (n)/k)
= b++1 (M
(n)). (B.5)
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For completeness, we present the wave functions of the would-be A5 component, even if we work in the
gauge where A5 = 0 together with the constraint ∂
µAµ = 0,
A5(x
µ, y) =
∞∑
n=1
A
(n)
5 (x
µ)a−−n (y),
with, for n ≥ 1,
a−−n (y) = e
−σ g−−n (y). (B.6)
Using the various relations on Bessel function derivatives, one obtains the useful following relation:
(∂y − 2σ′)g−−n (y) = −M (n)e2σg++n (y). (B.7)
There is also a term −(σ′′/σ′)g−−n but this term gives rise to a vanishing contribution when replaced in
couplings and integrated over y cause σ′′ = 2k[δ(y)− δ(y−piRc)] and g−−n vanishes at y = 0, piRc. One finds
also the relation
∂yg
++
n (y) = M
(n)g−−n (y). (B.8)
Eq.(B.7)-(B.8) allow to recover the differential equations [90]
∂y
(
1
e2σ
∂yg
++
n (y)
)
= −(M (n))2g++n (y) (B.9)
and [2]
− e−4σ∂y
(
1
e4σ
∂yg
−−
n (y)
)
− 4k2g−−n (y) = (M (n))2e2σg−−n (y). (B.10)
B.3. Scalar/fermion fields and SUSY breaking
Similarly, the solutions for the wave functions along the fifth dimension of the 5D scalar fields introduced
in Appendix A, with KK decomposition
φL/R(x
µ, y) =
∞∑
n=0
φ
(n)
L/R(x
µ)f++n (cL/R; y), (B.11)
φcL/R(x
µ, y) =
∞∑
n=1
φ
c(n)
L/R(x
µ)f−−n (cL/R; y), (B.12)
read as [2]
f++0 (cL/R; y) =
√
k
2
√
1− 2cL/R
1− e−(1−2cL/R)kpiRc e
k( 12−cL/R)(y−piRc) (B.13)
for the unique zero-mode and as [defining α±L/R = |cL/R ± 1/2|]
f++n (cL/R; y) =
1√
2piRc
e2σ
Nn
[
Jα+
L/R
(
m
(n)
L/Re
σ
k
)
+ b++
α+
L/R
(m
(n)
L/R)Yα+L/R
(
m
(n)
L/Re
σ
k
)]
,
b++
α+
L/R
(m
(n)
L/R) = −
[2− (3/2− cL/R)]Jα+
L/R
(m
(n)
L/R/k) + (m
(n)
L/R/k)J
′
α+
L/R
(m
(n)
L/R/k)
[2− (3/2− cL/R)]Yα+
L/R
(m
(n)
L/R/k) + (m
(n)
L/R/k)Y
′
α+
L/R
(m
(n)
L/R/k)
(B.14)
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f−−n (cL/R; y) = sign(y)
1√
2piRc
e2σ
Nn
[
Jα−
L/R
(
m
(n)
L/Re
σ
k
)
+ b−−
α−
L/R
(m
(n)
L/R)Yα−L/R
(
m
(n)
L/Re
σ
k
)]
,
b−−
α−
L/R
(m
(n)
L/R) = −
Jα−
L/R
(m
(n)
L/R/k)
Yα−
L/R
(m
(n)
L/R/k)
(B.15)
for KK modes (n ≥ 1), where m(n)L/R = m(n)KK(cL/R) is the n-th KK scalar mass (the KK fermion spectrum
is identical as we do not consider Sherk-Schwarz like mechanisms of SUSY breaking) and Nn is the norma-
lization constant. At this level, the field redefinition has not been performed for the nth wave functions.
From the above wave function expressions, we deduce the useful relations
(∂y − (cL/R + 3
2
)σ′)f−−n (cL/R; y) = −m(n)KK(cL/R) eσf++n (cL/R; y), (B.16)
(∂y − (−cL/R + 3
2
)σ′)f++n (cL/R; y) = m
(n)
KK(cL/R) e
σf−−n (cL/R; y). (B.17)
Concerning fermions, an example of KK decomposition is (in the two-component notation),
ζL(x
µ, y) =
∞∑
n=0
ζ
(n)
L (x
µ)ω++n (cL; y), (B.18)
χL(x
µ, y) =
∞∑
n=1
χ
(n)
L (x
µ)ω−−n (cL; y), (B.19)
where cL parametrizes the 5D mass of the ΦL superfield in Eq.(A.11). The wave function ω
++
n (cL; y)
(respectively ω−−n (cL; y)) is exactly equal [after the RS field redefinition] to the scalar superpartner wave
function f++n (cL; y) (respectively f
−−
n (cL; y)) as imposed by SUSY. This remains true as long as the SUSY
breaking does not occur through the Scherk-Schwarz mechanism. In fact, these scalar wave functions
f
++/−−
n depend on the scalar bulk mass a and boundary mass b which are imposed by 5D SUSY to be the
following functions of the fermionic superpartner bulk mass cLσ
′ [c.f. Eq.(A.29)], a(cL) = c2L ± cL − 15/4,
b(cL) = 3/2 ∓ cL [c.f. Eq.(A.27)], relations rendering the scalar and fermion wave functions identical in
terms of the cL parameter. Analog remarks hold for the cR case as well as for the KK masses m
(n)
KK(cL/R).
A possible SUSY breaking framework – that we consider in this paper without specifying the underlying
breaking mechanism – is that additional bulk/brane masses arise for the scalar fields, encoded e.g. in
a(cL) + δa and b(cL) + δb: these corrective masses spoil the SUSY relations between scalar and fermion
bulk/brane masses and in turn break SUSY. It is more convenient for the numerical calculation parts to
define e.g. a new csL parameter for scalars such that a(cL) + δa = a(c
s
L) and b(cL) + δb = b(c
s
L), c
s
L
being different from the fermion (or superfield) mass parameter cL in this framework. Then the fermion
wave functions can still be written ω
++/−−
n (cL; y) while the scalar wave functions f
++/−−
n (csL; y) are now
controlled by an independent mass parameter related to the amount of SUSY breaking.
Note that such a SUSY breaking framework resembles the situation where additional (w.r.t. the pure 5D
SUSY Lagrangian) bulk masses e.g. δcLσ
′ would appear for fermions. Indeed, the SUSY bulk masses
for fermions cLσ
′ would be shifted to cfLσ
′ = (cL + δcL)σ′, a new mass independent from the scalar ones
depending on a(cL), b(cL) [one would deal here with ω
++/−−
n (c
f
L; y) and f
++/−−
n (cL; y)]. This framework
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would be quantitatively equivalent to the previous one for final physical masses but would lead to an
interesting alternative to usual SUSY breaking frameworks (4D or 5D): here typically both fermions and
their scalar superpartners would be initially heavy (mainly due to their large and identical effective Yukawa
couplings generated by equal wave functions), i.e. respecting the lower bounds on scalar masses, while the
fermions would become lighter (reduced down to their measured masses) because of the effect of their arising
SUSY breaking bulk masses [δcL/R > 0] on wave functions.
Appendix C: 4D versus 5D propagators
For a generic bulk field (expressed in terms of z = e
σ(y)
k )
Φ(xµ, z) =
∑
n
φ(n)(xµ)S(n)a (z)
satisfying the orthonormalization condition∫ R′
R
dz
(
R
z
)3
S(n)a (z)S
(m)
a (z) = δnm,
the 5D action and the corresponding KK decomposed 4D action are given by:
S5 = −1
2
∫
d4x
∫ R′
R
dz
(
R
z
)3
Φ¯(xµ, z)
[
ηµν∂µ∂ν − ∂2z +
3
z
∂z +
a2
z2
]
Φ(xµ, z) (C.1)
S4 = −1
2
∫
d4x
∑
n
φ¯(n)(xµ)
(
ηµν∂µ∂ν +m
2
n
)
φ(n)(xµ). (C.2)
The equation of motion reads as[
−∂2z +
3
z
∂z +
a2
z2
]
S(n)a (z) = m
2
nS
(n)
a (z)
and the 2-point functions are defined as follows,
From S5 :
[
p2 + ∂2z −
3
z
∂z − a
2
z2
]
GSa5 (p
2; z, z′) = δ(z − z′) (C.3)
From S4 :
[
p2 −m2n
]
G
(n)
4 (p
2) = 1. (C.4)
From above, one can find the relation between the 4D and 5D propagators:
GSa5 (p
2; z, z′) =
∞∑
n=0
G
(n)
4 (p
2)S(n)a (z)S
(n)
a (z
′) =
∞∑
n=0
S
(n)
a (z)S
(n)
a (z′)
p2 −m2n
(C.5)
=
S
(0)
a (z)S
(0)
a (z′)
p2
+
∑
n≥1
S
(n)
a (z)S
(n)
a (z′)
p2 −m2n
. (C.6)
Indeed, one can check that:[
p2 + ∂2z −
3
z
∂z − a
2
z2
]
GSa5 (p
2; z, z′) =
[
p2 + ∂2z −
3
z
∂z − a
2
z2
]∑
n
G
(n)
4 (p
2)S(n)a (z)S
(n)
a (z
′)
=
∑
n
G
(n)
4 (p
2)
[
p2 + ∂2z −
3
z
∂z − a
2
z2
]
S(n)a (z)S
(n)
a (z
′) =
∑
n
G
(n)
4 (p
2)
[
p2 −m2n
]
S(n)a (z)S
(n)
a (z
′)
=
∑
n
S(n)a (z)S
(n)
a (z
′) = δ(z − z′). (C.7)
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[91] The RS scenarios with a fundamental Higgs boson on the so-called TeV-brane, the alternative mod-
els of gauge-Higgs unification [3] and the Higgsless models [4] can be thought of as warped extra-
dimension models constituting dual descriptions – through the AdS/CFT correspondence [5] – of
four-dimensional (4D) strongly coupled gauge theories (in the limit of a large number of colors) pre-
dicting the effective Higgs scalar field as a composite state (see e.g. Ref. [6]).
[92] It has been shown recently that in the limit of an infinite Majorana mass term on the infra-red brane
[10], the gaugino mediation mechanism through the bulk is comparable to a SUSY breaking with
twisted boundary conditions.
[93] In this context of extra dimensions, other new scenari of SUSY breaking have arisen [7] and in
particular in the case of warped dimensions [15].
[94] We use a N = 1 4D superfield formalism as in Ref. [25].
[95] ‘minimal’ here means that the SUSY breaking masses and couplings are universal at the GUT scale.
[96] Strictly speaking, µ˜1,2 denote the two lightest mass eigenstates which are generally mainly composed
of the left and right (w.r.t. gauge group SU(2)L) smuon zero-modes while the heavier eigenstates are
mainly made of their KK modes.
[97] No deep modifications are expected for the branching ratios of the lightest neutral Higgs boson h,
since its decays into two squarks/sleptons (q˜/˜`) are kinematically closed due to the upper theoretical
mass bound on mh GeV combined with the lower direct experimental bounds mq˜/˜`& 102 GeV [32].
[98] We will not discuss the type of possibility suggested in Ref. [43] which is characteristic of the Scherk-
Schwarz mechanism not considered here. A related approach based on twisted BC for the Higgs fields
was proposed in Ref. [44].
[99] We use the conventional notations for the pMSSM Higgs scalar fields: φH0
u/d
= (vu/d + φh0
u/d
+
iφP 0
u/d
)/
√
2 (φP 0
u/d
denoting the pseudo-scalars) with tanβ = vu/vd and the squared VEV given by
v2 = v2u + v
2
d ' (246 GeV )2.
[100] Note that the φ
c(n)
L fields, whose presence reflects the vectorial aspect of the 5D theory (like for the
Σ(n) fields), enter indirectly – via some exchanges – the couplings in the 4D chiral Lagrangian.
[101] The 5D Yukawa coupling constant Y has dimension -1 in energy for the simplified scheme with ~ =
c = 1, while Y4D is dimensionless.
[102] Note that taking purely real wave functions and Yukawa coupling constants simplifies the approach
by avoiding a bi-diagonalization, as it renders the mass matrix fully real and symmetric.
[103] In fact, within our approach we don’t have to make abnormally an infinite KK summation before a
loop integration.
[104] The approach developed in Ref. [28] also shows that the Higgs mass corrections at higher order (two
loops) potentially give rise to linear divergences which are in fact cancelled by linear threshold effects
of Yukawa and gauge couplings [55].
[105] Hence, our approach to the cut-off problem (w.r.t. divergence cancellations) is different from Ref. [28,
54]: we do not deal with the kind of cut-off that is applied but instead we justify why this cut-off
must not be applied systematically on KK sums.
[106] This Chern-Simons term has anyway no effects on the quadratic divergences of the Higgs mass.
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[107] KK contributions to this gluon-gluon fusion mechanism have been studied e.g. in Ref. [65].
[108] We use the standard RGE evolution to the weak scale at one-loop for the studied smuon masses.
[109] More precisely, we will only take tanβ = 6 and tanβ = 30 in order to illustrate the main characteristic
behaviours.
[110] The mass constraints obtained recently at the LHC in non-SUGRA scenarios assume specific conditions
[77], like a gravitino LSP [78], a gluino mass smaller [79] or equal [80] to squark ones, that we do not
assume here.
[111] FCNC and EW precision tests constrain such masses from below.
[112] Strictly speaking, m
(1)
(−+)(ct) is the mass of the first KK mode with (−+) (and (+−)) BC.
[113] For scalar fields, the t˜-t˜′ mass mixing terms come from the µ and A mass terms.
[114] Those low masses could maybe even be excluded by FCNC and EW precision constraints.
[115] Maybe even KK gaugino effects or KK top mixings.
[116] Note that L/R would be seen as a gauge index within the pMSSM, corresponding to a doublet/singlet
under SU(2)L.
